Pulse interval representations of speech events by Atwood, J. W.
Report NASA-4 
Technical Report No. 22 
REPRESENT 
F C 
J. W. Atwood 
Grant NGR 14-005-1 11 
National Aeronautics and Space Administration 
and 
Grant AFOSR 70-1865 
Office of Scientific Research 
ring Research Laboratory 
riment Station 
University of Illinois 
Urbana, Illinois 
https://ntrs.nasa.gov/search.jsp?R=19710025829 2020-03-11T22:31:11+00:00Z
Report NASA- 4 
(Technical Report No, 22) 
PULSE INTERVAL REPRESENTATIONS 
OF 
SPEECH EVENTS 
by 
JOHN WILLIAM ATWOOD 
15 October 1970 
Jointly Sponsored By 
National Aeronautics and Space Administration 
Grant NGR 14-005-111 
Air Force Office of Scientific Research 
Grant AFOSR 70-1865 
BIOLOGICAL COMPUTER LABORATORY 
ELECTRICAL ENGINEERING RESEARCH LABORATORY 
ENGINEERING EXPERIMENT STATION 
UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 
UILU-ENG-70-294 
ABSTRACT 
Analysis,  syn thes i s ,  and t ransmission of human speech i s  
approached by a new technique which i s  based on t h e  computa- 
t i o n  of t i m e  i n t e r v a l s  between threshold  t r a n s i t i o n s  of t h e  
d e r i v a t i v e  i n  t h e  speech waveform. 
I n  con;trast t o  most p re sen t  speech research  which postu- 
l a tes  t h a t  measurements on t h e  amplitude spectrum of t h e  
Four ie r  Transform of t h e  speech waveform are s u f f i c i e n t  f o r  
complete ana lys i s  of t h i s  s i g n a l ,  t h e  p o s i t i o n  taken here i s  
t h a t  t h e  sequence i n  which s i g n i f i c a n t  speech events  occur ,  
and t h e i r  temporal r e l a t i o n s h i p s  t o  each o the r ,  are f o r  t h e  
desc r ip t ion  of speech as important as i t s  frequency-domain 
p r o p e r t i e s ,  and t h a t  t h e  dynamic p r o p e r t i e s  and t h e  sus ta ined  
p r o p e r t i e s  of t h e  speech waveform each con t r ibu te  t o  ou r  
understanding of human speech. 
T h e  proposed method of coding speech, i n  which only t h e  
i n t e r v a l s  between t r a n s i t i o n s  are recorded, i s  shown t o  have 
advantages i n  c e r t a i n  areas of speech ana lys i s ,  syn thes i s ,  and 
t ransmission,  over other  methods which r e l y  e s s e n t i a l l y  on 
phenomena i n  t h e  frequency domain. 
I n  p a r t i c u l a r ,  it i s  shown t h a t  t h i s  coding method pro- 
v ides  a b a s i s  f o r  t r ansmi t t i ng  speech wi th  high i n t e l l i g i b i l i t y  
a t  l o w  t ransmission rates; permits  t he  measurement of many 
p r o p e r t i e s  of t h e  speech waveform which are d i f f i c u l t  or  i m -  
poss ib l e  t o  evaluate using conventional techniques; and allows 
syn thes i s ,  by r u l e ,  of many speech sounds. 
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APPENDIX 
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1. INTRODUCTION 
This  paper p re sen t s  a new technique f o r  the a n a l y s i s ,  
s y n t h e s i s ,  and t ransmission of  human speech. T h i s  technique 
has as i t s  b a s i s  t h e  computation of t i m e  i n t e r v a l s  between 
th re sho ld  t r a n s i t i o n s  o f  t h e  d e r i v a t i v e  i n  the  speech waveform. 
Previous i n v e s t i g a t o r s  of speech have placed major em- 
phas i s  on t h e  a p p l i c a b i l i t y  of  Four ie r  Transform techniques (1) 
i n  consequence of an h i s t o r i c a l  development cont r ibu ted  t o  
by Four i e r ,  t h e  mechanical models of  Von Kempelen, Wheatstone, 
and W i l l i s ,  Ohm's Law of Acoustics,  and Helmholtz' resona- 
t o r s  ( 2 )  The invent ion  of the  sound spectograph i n  t h e  e a r l y  
1930's provided an instrument  which has served t o  f u r t h e r  
inbreed t h i s  l i n e  of research .  
The basic assumption which c h a r a c t e r i z e s  most p re sen t  
speech research i s  t h a t  measurements on the amplitude spectrum 
of  t h e  Four ie r  Transform of t he  speech waveform a r e  s u f f i c i e n t  
f o r  complete a n a l y s i s  of t h i s  s i g n a l ,  However, the  p o s i t i o n  
taken here  i s  t h a t  t h e  sequence i n  which s i g n i f i c a n t  speech 
events  occur,  and t h e i r  temporal r e l a t i o n s h i p s  t o  each o t h e r ,  
are f o r  t he  d e s c r i p t i o n  of speech as important a s  i t s  fre- 
quency-domain p r o p e r t i e s  , The dynamic p r o p e r t i e s  and t h e  
sus t a ined  p r o p e r t i e s  of t he  speech waveform each con t r ibu te  
t o  our  understanding of human speech. 
I t  has been discovered t h a t  speech i s  s t i l l  h ighly  in-  
t e l l i g i b l e ,  even when it has been converted t o  a pu l se  t r a i n ,  
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whose t i m e s  of occurrence correspond t o  t r a n s i t i o n s  of the 
waveform (or  one of i t s  d e r i v a t i v e s )  through a threshold.  
This new method of coding speech, i n  which only the  i n t e r v a l s  
between t r a n s i t i o n s  are recorded, w i l l  be shown t o  have 
advantages i n  cer ta in  areas of speech a n a l y s i s ,  syn thes i s ,  
and t ransmission,  over o t h e r  methods which r e l y  e s s e n t i a l l y  
on phenomena i n  t h e  frequency domain. 
I n  p a r t i c u l a r ,  it w i l l  be shown t h a t  t h i s  coding method 
provides  a b a s i s  f o r  t r a n s m i t t i n g  speech with high i n t e l l i g i -  
b i l i t y  a t  low transmission rates;  permits  t he  measurement of  
many p r o p e r t i e s  of  t he  speech waveform which are d i f f i c u l t  
o r  impossible t o  eva lua te  using conventional techniques; and 
allows syn thes i s ,  by r u l e ,  of  many speech sounds. 
, 
The techniques which have been developed i n  t h i s  study 
r e p r e s e n t  a new and b a s i c  measurement system, and t h e i r  
success fu l  a p p l i c a t i o n s  along with f u t u r e  p o s s i b i l i t i e s  w i l l  
be presented.  
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2, THRESHOLD SAMPLING O F  SPEECH 
Babcock e t  a l .  ( 3 )  have proposed a novel method of 
s epa ra t ing  t h e  forced  response of a measurement system (due 
--
t o  i t s  inpu t  s i g n a l )  from t h e  f r e e  ( t r a n s i e n t )  response of 
t h a t  system (due t o  i t s  s t o r e d  energy o r  i n i t i a l  condi t ions)  .,
The assumption i s  made t h a t  a t  c e r t a i n  t i m e s  i n  t h e  production 
of speech t h e  d e r i v a t i v e  of t he  a c o u s t i c a l  waveform i s  s u f f i -  
c i e n t l y  l a r g e  a s  t o  be considered a d i scon t inu i ty ,  The t i m e  
of  occurrence of t h i s  d i s c o n t i n u i t y  i s  def ined a s  t he  t i m e  
a t  which the  d e r i v a t i v e  of t h e  waveform exceeds a cer ta in  
threshold .  This  d i s c o n t i n u i t y  w i l l  then g ive  r i s e . t o  a f r e e  
response,  which i s  considered t o  be a form of d i s t o r t i o n  i n  
t he  measurement system. 
I n  o rde r  t o  t es t  this proposal ,  t h e  system shown i n  
Figure 1 has been cons t ruc ted  ( 3 )  The speech s i g n a l  S ( t )  
i s  appl ied  t o  a "Discont inui ty  Analyzer", which c o n s i s t s  of 
a d i f f e r e n t i a t o r ,  a th re sho ld  senser ,  and a pulser .  The re- 
s u l t i n g  pulse  t r a i n  P ( t )  i s  appl ied  through t h e  " I n i t i a l  
Condition" gene ra to r  t o  t h e  f i rs t  measurement system. The 
output  of  t h i s  system i s  t h e  f r e e  response component R l ( t ) .  
This i s  then sub t r ac t ed  from the  complete response R 2 ( t )  of the  
second measurement system t o  ob ta in  the  forced  response O ( t )  . 
When a speech event  S (t) i s  appl ied  as inpu t  t o  t h e  
d i s c o n t i n u i t y  analyzer ,  and t h e  pu l se  t r a i n  P (t) which i s  
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thus produced i s  monitored by the experimenter,  the  ou tpu t  
from t h e  loudspeaker i s  s t i l l  i n t e l l i g i b l e  as speech ( 3 ) .  
T h e  i n t e l l i g i b i l i t y  i s  dependent on t h e  threshold  level,  the 
width o f  t h e  pu l se ,  and t h e  o rde r  of t he  derivative ( 3 - 5 ) .  
leasure-  
men t 
System 
I 
Sys t e m  - 1  I1 
Figure 1. Free Response D i s t o r t i o n  Corrector .  
The descr ibed  e f f e c t  i s  also observed i f  t h e  threshold-  
ing process  i s  app l i ed  t o  t h e  o r i g i n a l  speech waveform, with- 
o u t  d i f f e r e n t i a t i o n .  T h e  system cons i s t ing  of the  d i f f e r e n t i -  
a t o r ,  t h e  threshold  d e t e c t o r ,  t h e  p u l s e r ,  and the loudspeaker 
w i l l  be c a l l e d  t h e  Threshold Sampling System i n  t h e  sequel .  
T h e  Threshold Sampling System may be regarded as a new 
means of coding t h e  speech waveform. The ques t ions  which 
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are t o  be asked now are: i s  t h i s  coding of t he  speech wave- 
form usefu l?  Does it have any p r o p e r t i e s  which w i l l  r e s u l t  
i n  a supe r io r  method f o r  t r ansmi t t i ng ,  measuring, synthe- 
s i z i n g ,  o r  recognizing speech events?  
Some answers t o  these ques t ions  w i l l  be given. below. 
2 . 1  A Model of the  Threshold Sampling System 
I n  o rde r  t o  permit  a more p r e c i s e  eva lua t ion  of t h e  
p r o p e r t i e s  of t h e  Threshold Sampling System (TSS) , por t ions  
of it have been modelled on a d i g i t a l  computer. 
The TSS c o n s i s t s  of t h r e e  portions--the d i f f e r e n t i a t o r  
( i f  used)" ,  the  th re sho ld  s e n s e r ,  and the pulse  genera t ing  
components 
The threshold  senser  has been modelled? using FORTRAN I V  
on t h e  IBM System/360 computer, model 75, i n  the D i t i g a l  
Computer Laboratory (DCL) of t h e  Universi ty  of I l l i n o i s ,  U r -  
bana. ( T h i s  system, and t h e  IBM 1 8 0 0  mentioned l a t e r ,  a r e  
descr ibed  more f u l l y  i n  Appendix A , )  T h e  ou tput  of t h i s  
model i s  a t a b l e  of in te rva ls  between pulses., 
The d i g i t i z e d  s i g n a l  (normal speech o r  f i rs t  d e r i v a t i v e )  
i s  examined p o i n t  by p o i n t ,  and each t i m e  t h e  threshold  l e v e l  
*Due t o  the d i f f i c u l t y  of  ob ta in ing  r e l i a b l e  numerical der iva-  
t ives  ( 6 ) ,  it w a s  decided no t  t o  a t tempt  t o  model the  d i f f e r -  
e n t i a t o r ,  Another reason w a s  t h a t  any numerical d e r i v a t i v e  
would n e c e s s a r i l y  be d i f f e r e n t  f r o m  the  analog d e r i v a t i v e ,  
and it w a s  n o t  d e s i r a b l e  t h a t  t h i s  be so. 
?A l i s t i n g  of t h e  program P I T  i s  found i n  Appendix B.  
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i s  exceeded i n  the  p o s i t i v e  d i r e c t i o n ,  the  i n t e r v a l  between 
it and t h e  preceding pu l se  i s  recorded i n  t h e  pu l se  i n t e r v a l  
t a b l e .  I f  t h e  speech was d i g i t i z e d  a t  one sample rate,  and 
it i s  d e s i r e d  t o  reproduce the pulses  a t  a d i f f e r e n t  sample 
r a t e ,  the  i n t e r v a l  i s  m u l i p t l i e d  by the i r  r a t i o  before  being 
recorded, Due t o  t h e  use of i n t e g e r  a r i t h m e t i c  i n  FORTRAN I V ,  
t h i s  may o r  may n o t  be equ iva len t  t o  sampling t h e  o r i g i n a l  
speech a t  the  second r a t e .  A f t e r  1 0 0  i n t e r v a l s  have been 
recorded, they are converted t o  an 8-b i t  format, and w r i t t e n  
onto d i g i t a l  t ape ,  
The numbers 0 through 255 can be represented  i n  an 8-bi t  
format (28-1=255) , so t h e  following convention i s  used: 
whatever ou tpu t  sample rate i s  being used, i f  the i n t e r v a l  
i s  between 1 and 254 samples, t h a t  number i s  used d i r e c t l y  a s  
an e n t r y  i n  t h e  pu l se  i n t e r v a l  t a b l e .  I f  t he  i n t e r v a l  ex- 
ceeds 254 samples, then  t h e  i n t e r v a l  i s  represented  by suc- 
cessive e n t r i e s  of 255 ( s ign i fy ing  254 u n i t s  of s i l e n c e ) ,  
followed by an e n t r y  of less than 255, I n  t h i s  way a l l  i n t e r -  
v a l s  may be c o r r e c t l y  represented .  An e n t r y  of  zero i s  used 
t o  s i g n i f y  end-of-table. For ease  of aud i t ing  t h e  events,  
approximately one h a l f  second of s i l e n c e  is  i n s e r t e d  between 
each even t  and t h e  next .  
a t  
This  program a l s o  g i v e s  s t a t i s t i c s  concerning t h e  number 
of  seconds of speech analyzed, ( inc luding  the  i n s e r t e d  si- 
l e n c e s ) ,  and t h e  number of e n t r i e s  generated f o r  t h e  t a b l e s .  
From these d a t a  t h e  average t ransmission ra te  i s  ca l cu la t ed .  
7 
The pulse  genera t ing  components have been modelled* on 
*eIBM 1 8 0 0  computer a t  DCL. The d i g i t a l  tape containing 
the  pulse  i n t e r v a l  tables i s  read, and an image of t h e  pu l se  
t r a i n  i s  b u i l t  i n  memory, T h i s  image i s  then  converted t o  
an a c t u a l  pu l se  t r a i n  using t h e  Digital-to-Analog conver te r  
descr ibed i n  Appendix A. The program a l s o  provides f o r  cer- 
t a i n  convenient ope ra t ions ,  such as changing i n p u t  tapes ,  
stopping syn thes i s ,  e tc ,  
The t e s t  sample (descr ibed  i n  t h e  next  s e c t i o n )  has been 
processed using P I T  and PTSYN, I t  has been shown t h a t  t h e  
d i g i t a l  model has  the same p r o p e r t i e s  as the  TSS. A l s o  some 
s ta t i s t ics  have been ga thered  on t h e  t ransmission rates t o  
be expected i f  t h i s  model w e r e  t o  be used as a vocoder. How- 
eve rB  no at tempt  has  been made t o  minimize t h e  t ransmission 
rate. For example, it i s  poss ib l e  t h a t  t h e  t o t a l  number of 
b i t s  r equ i r ed  t o  spec i fy  an event  w i l l  be less i f  a 7-bi t  
format i s  used.  Long i n t e r v a l s  would then r e q u i r e  more en- 
tr ies t o  r ep resen t  them, The 8 -b i t  format w a s  chosen e n t i r e l y  
f o r  programming convenience, 
The s ta t i s t ics  and some suggest ions f o r  f u r t h e r  use of 
t h i s  model appear i n  Chapter 4, 
2.2 The Experimental Sample - 
A tes t  vocabulary has been prepared, which has been used 
t o  eva lua te  and develop t h e  model of t h e  threshold  Sampling 
*A l i s t i n g  of program PTSYN i s  found i n  Appendix B, 
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System. T h i s  t e s t  vocabulary c o n s i s t s  of twenty consonant- 
vowel pairs,  chosen a t  random, i . e . ,  a consonant i s  s e l e c t e d  
a t  random, and then i t s  companion vowel i s  selected, a l s o  a t  
random. T h e  twenty p a i r s  are l i s t ed  i n  T a b l e  I. 
1 z i  
2 m i  
3 ri 
4 k I  
5 31 
6 f I  
7 V I  
8 (3s 
9 he 
1 0  SE 
11 t a E  
1 2  f o  
1 3  l o  
1 4  dzU 
15 dzu 
1 6  €I/\ 
1 7  h R  
18  nA 
1 9  W A  
20 w s  
Table I.  Word l i s t  f o r  Experimental Sample. 
( I P A  Symbols) 
Five speakers  w e r e  chosen, two women and t h r e e  men. 
These subjects have a fundamental frequency ( g l o t t a l  exc i t a -  
t i o n  ra te)  ranging from about 250 H z  t o  about 80 Hz. Each 
s u b j e c t  w a s  requested t o  read t h e  l i s t  (Table I)  f i v e  t i m e s .  
One reading f o r  each s u b j e c t  w a s  s e l e c t e d  t o  be i n  the exper- 
imental  sample, the c r i t e r i o n  f o r  s e l e c t i o n  being tha t  the  
reading conta in  as f e w  mis takes  a s  poss ib l e .  The r e s u l t i n g  
master t ape  conta ins  100 events .  
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T h e  o r i g i n a l  speech waveform f o r  these 1 0 0  even t s ,  and 
t h e  first d e r i v a t i v e  waveform, a l s o  f o r  1 0 0  events ,  w e r e  
converted t o  d i g i t a l  samples using t h e  IBM 1800.  These two 
groups of  1 0 0  events  form t h e  experimental  sample which i s  
used f o r  a l l  subsequent developnlent, 
2,3 Automatic P i t c h  Ex t rac t ion  
Cohen (7 )  working with t h e  output  from the  model des- 
c r ibed  i n  Sect ion 2.1, and with osc i l l og raphs  of t h e  output  
from t h e  TSS, has  shown t h a t  it i s  poss ib l e  t o  automatical ly  
e x t r a c t  t h e  p i t c h  per iod ( t i m e  between successive openings 
of the  g l o t t i s )  o f  a voiced speech waveform. The ex i s t ence  
of t h i s  automatic e x t r a c t i o n  algorithm i s  b a s i c  t o  the fu r -  
t h e r  development of t h i s  s tudy ,  so it is  descr ibed here .  
The e f f e c t  which makes t h e  e x t r a c t i o n  poss ib l e  i s  the 
f a c t  t h a t ,  f o r  speech i n p u t ,  t he  output  of  the  TSS a t  c e r t a i n  
th re sho ld  l e v e l s  c o n s i s t s  of bunches of pu lses  followed by 
a r e l a t i v e l y  longer  i n t e r v a l  where no pu l ses  occur. T h e  
a lgori thm is  as follows: 
1. A number, c a l l e d  a continuing s w ,  i s  def lned,  
and i n i t i a l l y  se t  t o  zero, 
2 ,  A second number, called a s t o p  number i s  def ined.  
This number i s  dependent on t h e  p i t c h  per iod ,  
bu t  can vary over  a c e r t a i n  range, 
3 ,  The i n t e r v a l  between t h e  p re sen t  pu l se  and t h e  
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preceding one i s  determined, and added t o  the con- 
t i nu ing  sum. 
4a .  I f  t h e  i n t e r v a l  i n  s t e p  3 is  less than the s t o p  
number, go t o  s t e p  3 and repea t .  
4b. If the  i n t e r v a l  i n  s t e p  3 is  equal  t o  o r  g r e a t e r  
than the s t o p  number, t he  conten ts  of the continu- 
ing sum i s  the l eng th  of the  p i t c h  per iod.  
5. R e s e t  t h e  continuing sum t o  zero, and r e t u r n  t o  
s t e p  3.  
The ou tpu t  of t h i s  a lgori thm i s  t h e  l e n g t h  of t i m e  from t h e  
end of one long i n t e r v a l  t o  t h e  end of  the  next  long i n t e r v a l .  
The d i s t i n c t i o n  long/not-long is made by re ference  t o  t h e  
s t o p  number. 
2.4 The Pulse  Pos i t i on  L i s t inqs"  
T h e  pu l se  i n t e r v a l  r ep resen ta t ion  i s  an e f f i c i e n t  method 
f o r  t r a n s m i t t i n g  speech. I n  o rde r  t o  eva lua te  t he  usefu lness  
of t h i s  r ep resen ta t ion  fo r  measurements on the  speech wave- 
form, it i s  necessary t o  search f o r  u s e f u l  f e a t u r e s  i n  the 
ou tpu t  f r o m  t h e  model. Many of these f e a t u r e s  w i l l  be de- 
pendent on t h e  p i t c h  per iod .  A program has been w r i t t e n  to  
p r e s e n t  t h e  output  of the  model of the threshold  sense r  as 
p r i n t e d  l i s t i n g s ,  Whenever t h e  p i t c h  e x t r a c t i o n  algori thm 
detects t h e  end of a p i t c h  per iod ,  a new l i n e  i s  begun on 
I -, 
*A l i s t i n g  of program PPL i s  found i n  Appendix B. 
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t h e  p r i n t e d  output ,  Both t h e  pulse  i n t e r v a l s  and t h e  pu l se  
p o s i t i o n s  wi th in  a p i t c h  pe r iod  (def ined  by t h e  value of t h e  
continuing sum a t  each pu l se  t i m e )  are displayed. 
An example of t h e  pu l se  p o s i t i o n  l i s t i n g  f o r  t h e  event  
/kI /  i s  shown i n  Figure 2.  This i s  f o r  a female speaker 
wi th  a g l o t t a l  exc i ta . t ion  frequency of approximately 230 Hz. 
The p i t c h  per iod ,  t i m e  of occurrence of the pulse ,  and pu l se  
count are l i s t e d ,  followed by pulse  p o s i t i o n s  and pu l se  in -  
t e r v a l s .  T h e  symbol " # "  i s  used i n  column 4 t o  i n d i c a t e  
t h a t  20 pu lses  have been recorded without de t ec t ion  of a 
p i t c h  per iod.  The symbol "* "  i s  used t o  i n d i c a t e  t h a t  a 
p i t c h  per iod  has  been detected, bu t  more than 1 0  pu l se s  (one 
l i n e )  w e r e  recorded i n  t h e  inter im.  
This example d i sp lays  most of  t h e  f e a t u r e s  found i n  t h e  
pulse  posi t ior i  l i s t i n g s ,  For example: 
The i n t e r v a l  of  l eng th  1 7 8 1  (103  m s )  on the  f i r s t  
l i n e  i s  the l eng th  o f  t h e  s i l e n c e  preceding the  
event  ., 
N o  p i t c h  per iods  are de tec t ed  i n  the next  1 2  l i n e s ,  
This corresponds t o  t h e  unvoiced phoneme /k/. 
The i n t e r v a l  of length  560 (32 m s )  on t h e  next  l i n e  
corresponds to t h e  s i l e n t  i n t e r v a l  between /k/ and 
/w 
Voicing then begins ,  and s i x  p i t c h  per iods are 
de tec ted .  Then twenty per iods  are missed. Eight 
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periods are de tec t ed ,  seven are missed, and t h e  
remainder are de tec ted .  
5 ,  The number of pu l se s  i n  a p i t c h  per iod  varies from 
two t o  f o u r  t o  one. 
The l i s t i n g s  f o r  t he  1 0 0  events  i n  t h e  experimental  
sample have been computed. The d i f f e r e n t i a t e d  waveform i s  
used f o r  t h i s  computation, s i n c e  it has been shown t o  produce 
h igher  i n t e l l i g i b i l i t y  scores (5)  e 
Each event  i n  the  experimental  sample e x h i b i t s  one o r  
more of t he  c h a r a c t e r i s t i c s  displayed i n  the  example of 
Figure 2 ,  v iz :  
1, S i l ence ,  
2. Voicing n o t  present .  
3 ,  Voicing p resen t ,  p i t c h  e x t r a c t i o n  works, 
4 ,  Voicing p resen t ,  p i t c h  e x t r a c t i o n  does n o t  work, 
The p i t c h  per iod  e x t r a c t i o n  algori thm appears t o  f a i l  when 
the  number of  pu l se s  p e r  p i t c h  pe r iod  inc reases .  
I n  add i t ion ,  s e v e r a l  c h a r a c t e r i s t i c s  of the events  are 
ev iden t ,  some of  which appear t o  be independent of speaker,  
However, these c h a r a c t e r i s t i c s  a r e  made clearer by t h e  
p re sen ta t ion  techniques developed l a t e r ,  so d iscuss ion  of 
them w i l l  be defer red .  
2 . 5  The Variable  Threshold Sampling System* 
The major d i f f i c u l t i e s  with t h e  pu l se  p o s i t i o n  l i s t i n g s  
*A l i s t i n g  of program PPLV i s  found i n  Appendix B. 
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are :  (1) The p i t c h  pe r iod  e x t r a c t i o n  algori thm o f t e n  misses 
one o r  s eve ra l  per iods ;  and (2) The number of pu l se s  wi th in  
a p i t c h  per iod  changes wi th  t h e  i n t e n s i t y  of t h e  sound. 
These two problems are r e l a t e d  t o  t h e  fact  t h a t  i f  t h e  th re s -  
hold i s  kept  cons tan t ,  it i s  changing relative t o  the peak 
value of  t h e  event.  A l s o ,  it appears from examination of 
t h e  output  from the  experimental  sample t h a t  t h e  b e s t  level 
f o r  e x t r a c t i o n  of  t h e  p i t c h  pe r iod  i s  d i f f e r e n t  from t h e  
b e s t  l e v e l  fo r  measurement of t h e  o t h e r  p r o p e r t i e s  of t h e  
event ,  The pu l se  p o s i t i o n  l i s t i n g s  are use fu l  only i f  t h e  
p i t c h  pe r iod  i s  determined accu ra t e ly  and cons i s t en t ly .  
Cohen, i n  t h e  meantime, had observed (7) , by comparing 
t h e  ou tpu t  of  h i s  a lgori thm fo r  s e v e r a l  th reshold  levels,  
t h a t  i n  o rde r  t o  e x t r a c t  p i t c h  r e l i a b l y  over  e n t i r e  speech 
events ,  it i s  necessary t o  a d j u s t  the  threshold  level,  de- 
pending on t h e  ins tan taneous  peak amplitude of the  waveform. 
This adjustment has t o  take p lace  a t  least  every few p i t c h  
per iods  
Therefore t h e  pulse  p o s i t i o n  l i s t i n g  program w a s  modi- 
f i e d  t o  have t h e  threshold  level dependent on t h e  peak value 
of t h e  waveform i n  previous p i t c h  per iods.  Two methods of  
computing t h e  new threshold  have been t r i e d .  I n  t h e  f i rs t ,  
t h e  threshold  i s  based on t h e  peak value i n  t h e  just-completed 
p i t c h  per iod.  In  t h e  second, t he  peak value of the  next  
p i t c h  pe r iod  i s  p red ic t ed ,  using t h e  t w o  previous p i t c h  per iods ,  
and t h e  threshold  i s  computed from t h i s  p red ic t ed  value. 
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The f i r s t  method tends t o  m i s s  p i t c h  per iods  a t  t h e  
beginning and ending of voicing,  when t h e  peak value i s  
changing very r ap id ly .  The second method does w e l l  i n  these 
reg ions ,  b u t  tends t o  m i s s  p i t c h  per iods  i n  t h e  c e n t r a l  
po r t ion  of an event ,  By examination of t h e  peak and thres -  
hold l e v e l s  used, it has been shown t h a t  t h i s  e f f e c t  i s  due 
t o  l o c a l  v a r i a t i o n s  i n  t h e  peak value of t h e  waveform. The 
d e r i v a t i v e  of t h e  change i n  peak value changes s i g n  from one 
p i t c h  per iod  t o  t h e  nex t ,  causing t h e  p red ic t ed  peak value 
t o  be erroneous,  
Since method one misses p i t c h  pe r iods  only when the  
peak amplitude i s  changing r a p i d l y ,  t he  following co r rec t ion  
method i s  used: t he  cont ipuing sum i s  compared a g a i n s t  an 
a u x i l l i a r y  s t o p  number whiph i s  a r b i t r a r i l y  def ined  as 2.5 
t i m e s  the  s t o p  number. I f  the  cont inuing sum i s  g r e a t e r  
than t h e  a u x i l l i a r y  s t o p  numbera t h e  threshold  i s  continuous- 
l y  recomputed, as each p o i n t  i s  examined, u n t i l  a p i t c h  
pe r iod  i s  recognized, This  add i t ion  makes method one supe r io r  
t o  method two, so it i s  used i n  subsequent development, 
An example of t h e  ou tpu t  of t h i s  program i s  shown i n  
Figure 3 #  f o r  the same even t  (/kI/) a s  i s  shown i n  Figure 2. 
All p i t c h  pe r iods  i n  t h e  voiced p o r t i o n  of t h e  waveform, 
which w e r e  missed by the  f i r s t  vers ion  of  t h e  model, a r e  
de t ec t ed ,  S l i g h t  d i f f e r e n c e s  i n  t h e  l eng th  of p i t c h  per iods  
compared with Figure 2 are due t o  t h e  v a r i a b l e  threshold ,  
The e x t r a  pu l se s  l i s t e d  on the  l a s t  l i n e  are n o t  de t ec t ed  a s  
16 
EVENT- <, STflP= '7, G L C l F =  1C. RFCJy7C - - ~ -  __ - 
PTIPF rc rw P PFR PULSF P C C I l l f l h S  PLLSF INTERVALS 
1343 -3CCC 1 3 4 9  1?43 1343 
15a5 -3CO'l 2 4 2  2'7 2 4 2  
1 6 7 ~ , - 2 c o o -  ~ n _ ~ . u f _  so ___ _ ~ 6 7 5 7 2  
1 R 6 P  - 5 1 5 3  2P 4 4  7 2  7 4  I C 1  IC5 170 1 2 1  126 130 28 16 28 6 2 3  4 15 3 3 4 
# I ? ?  1 2 7  1 4 ?  1 5 C  I55 159 172 I C P  I f ? .  193 3 4 6 7 5 4 9 4 1 1 1 0  
- 1 9 7 4 - 1 1 9 4 3 -  1 9 R  2C3 2rS 213 224 229 2 3 4  237 2 4 1  244 5 5 6 4 1 1  5 5 3 4 3 
I 2 4 1  i 5 1  2 5 6  ih? it5 2 6 8  2 1 3  279 2E5  299 3 4 5 6 3 3 5 6 6 1 4  
I n 1- y ~ e ~ 3 -  - -92 3 e 1 4  I P  2 1  25 _.2~ 3 1  37 47 3 5 6 4 3 4 2 4 6 6  * 4 8  5 2  5 f  f 0  f 7  16 e2 E i  85 53 5 4 4 4 7 9 6 5 2 4  
200R-11943 3 3 3  -07 116 32C ?i7 ??C 3?3 4 1 3  4 7 3 3 
2 1 8 8  - 9 2 4 9  4 13  1 1  2 1  25 1 9  -<i 35 35 42  4 9 4 4 4 4 3 3 4 3  
1 46 5 "  5' '9 6 2  11 19 8 7 -  %p7 4 7 2 4 3 9 8 3 2 3  
2 2 7 5  - C q 7 1  134 90 54 C F  I C 1  I C 5  I I O  1 1 E  124 125 134 3 4 4 3 4 5 5 9 5 5  
2 3 C L  -1739 5 7 in 12 1 6  20  7 2  25 3 4  =a 5 2 3 2 2 6 2 3 9 4  
W 4 2  1 6  4 i  4 9  5 1  5 2  5 C  C ?  6 5  7 3  4 2 3 2 2 2 3 7 6 4  
2307 -1455 
7 4 3 0  - @ 5 P 2  201 177 I E C  I € ?  1 5 C  152 2C1 15 3 3 7 3  8 
2 q 1 9  -C3C8 6 11 1 3  I6 2 1  7 4  27 ? C  3 5  40 6 5 2 3 5 3 3 3 5 5  
I 47 5 3  5 8  t ?  f 5  6 1  6 s  1 3  77 7 6 2 3 5 2 2 2 4 4  
2 6 t 4  iCP57- 81 P5 E €  so 5 3  5 1  1oc 1 C t  1 1 c  119  4 4 3 2 3 4 ' 3 6 4 9  
U 127 12P 13.2 1 7  3 4 3 -  1 5 2  1-56 1 5 9  165 168 3 6 4 8 9 3 4 3 6 3  
27n7 -c!c7- 172 I ~ E  I P I  l e 8  I ~ I  159 z c 3  z c e  i i i  2 1 6  4 6 3 7 3 8 4 5 3 5  
W 272 224 2.26 f B - - > ? l  244 Z E l  255-767 271 6 2 2 7 4 7 7 4 1 2  4 
?723 - 4 1 4 1  2C7 277 2 5 1  6 20 
2 8 4 7  -3C14 114 I ?  29 4 4  4 6  a ?  t l  t5 i s  l e  E? l a 2 7  5 2 7 8 4 1 0  3 5 
6 12 5 IC9 9 9  242 22 6 6 3  
* 9 4  1CI 114 __ 
3412 - 4 5 x 7 -  5 t T -  C 1 8  7 3  1 2 2  231 479 3 3 6  502 56E- - -  ---
949P -4567 l K _ _  6 1 5  19 I4 7E . - 6 9 4 5 5 4  
3 T c - - 4 1 7 6  7 h  6 1 4  7 t  6 8 6 2  
3644 -6115 7 P  13 7 E  1 3  6 5  
3 7 1 9  -1976 7 5  14 75 1 4  6 1  
3 8 7 4  - 9 ~ ~ 9  7 6  1 6  L I  4 f  774 7t----- 16 25 5 28 2 
39rq-ICyZ' 15 7 16 4 0 - k t  15--.- __ 7 9 24 7 28 
4 0 7 c - 1 1 8 7 3  7 h  P 4 1  5 C  i 6  8 33  9 26 
4 0 9 9 - 1 3 2 1 7  7 4  R 17 2 8  4 1  45 14  8 9 2 1  3 8 2 5  
4114-15165 7 5  3 1 P  3 c  ? 9  4 1  4 8  7 5  9 9 1 7  4 2 7 2 1  
4324-16174 7 4  8 35 "R 40 14  8 27 3 2 3 4  
54n0-1Rc52 Ih - q - z _  !!L i! - _ _ _ ~ _ ~ _ _ _  9 28 7 3 2  
4416-1U42q 16 Q ?8 4 ?  16 9 29 5 3 3  
4590-15567 74 P 34 ' 8  42 4 t  14 8 2 6  4 4 4 2 8  
463C-15671 P C  IO 3 t  4 0  r 2  7 1  e0  I0 26 4 2 3 5  3 
47f l5-12466 2 5  7 ? ?  41 1 3  1 5  
&?en-15114 7 5  4 "4 4 7  i 5  9 25 8 33 
4 8 f i o - i 8 h ~ r (  eA I I  3 1  4 4  eo I 1  26 7 96 
- 4 q j ~ - i i i 4 i  - 7 6  7 34 4 2  e 7  lt 7 77 8 25 9 
5 0 1 4 - 1 e c 0 2  I F  q ? r  4 4  t 9  i e  9 26  9 25 9 
5003-19C13 7 9  R " 5  4 4  6 9  7 5  8 27 9 2 5  10 
7 28 8 25 8 5169-1EE27 
5241-14021 19  9 ? O  ? t  4 6  6 5  19  9 21 6 10 2 3  10 
5 3 7 6 1 1 2 6 5 4  l g  _ _  Q 2fl 3 f  4 5  18 ~ 9 19  8 9 3 3  
5404-17248 I n  9 r e  at 18 9 19 8 4 2  
54112-17e27 i n  9 28 3 c  18 9 19 8 42 
55=9-1371C 7 7  0 i 8  7 5  i r  9 19 7 42 
10 19 7 4 2  
5714-1 7 5 2 9  7 7  4 24 ? C  77 9 19 8 4 1  
5 7 9 1 - l h P 9 h  7 1  9 i R  7 6  17 9 19 8 41 
7:I t T 7 - - 1 4  9 ir? 3 C  7 6  9 19 8 4 0  
5 9 4 - J - 1 4 l E 6  7 h  10 2P 37 16 lo_ 18 9 ?9 
6019-1524p 7 5  10 25 3 1  1 5  10 19 8 38 
6 0 9 4 - l i t 2 4  7 6  I I  29 38 16 11 18 9 38 
h 1 6 9 - l E 4 $ 9  14 10 29 3 1  1 4  10  19 8 37 
6243-IECCI 15 I 1  'C 3fl C l  i c  11 19 8 29 8 
6 1 1 7 - 1 7 5 e 7  7 4  I I  iq Z R  7 4  11 18 9 36 
6 3 ~ 7 - 1 e i : ?  1 5  1 1  i q  39 7 5  11 18 10 36 
6465-18377 13 in i~ 3 8  7 3  10  18 10 3 5  
653P-194C9 7 3  10 29 1 3  10 19 4 4  
6639-16€77 7 1  lr i i  2 8  i l  10 12 6 4 3  
6 6 e ~ - i v i 7  7 1  10 2: 2 9  7 1  10 13 6 4 2  
6750-18515 1 C  10 7 3  2 9  10  10 13 6 4 1  
6 R 2 0 - I n 3 4 9  7C I n  2 "  ?C 1C 10 13 7 4 0  
6 8 1 9 - 1 5 0 5 6  69  9 2 2  29 6 9  9 13 7 40 
6 9 5 7 - 1 6 7 i 4  hS I n  2 7  2 9  C E  10 12 7 39 
7025- lhCZ7 ' h f l  10 i i  29 t H  10 12 7 39 
7C92-1CE15  hfl 7 2  t E  22 46 
7 1 5 9 - 1 4 6 6 1  6 6  71 6 6  2 1  45 
7277-12hR2 68  10 i 2  t F  10 12 46 
7 2 9 4 - 1 3 3 5 6  6 7  27 2 2  4 5  
7 9 6 1 - 1 1 5 7 7  67 Q :J 3 1  t 7  9 1 4  8 36 
7 4 2 9 - 1 1 2 8 2  6 1  22 f 7  22 4 5  
7 4 5 4  -9-25  6 6  7 7  6 1  C C  2 2  3 9  5 
7561 -1019 67 7 4  C l  24  4 3  
1624 - 6 C 2 0  68 t l  t @  6 1  7 
1905 - 4 6 5 1  - ? r c c  6 7  1?6 1 4 4  Z C R  2 1 c  276 6 7  6 9  8 6 4  2 6 6  
. __- -  - 
e6  ' 5 1 '  5 5  5 9  IC? 1 C R  - 1 1 ? - ~ ~ - 1 2 1 7 2 T  1 3  5 4 4 4 5 7 4 4 2 
I 127 Ili 136- 1'9 I 4 4  1 4 8 - 1 5 1  L55 1 5 8  162 2 5 4 3 5 4 3 4 3 4  
__ 
11 1 13 
_ _ _  _ _ ~  -_l_s- 2 2 3 5  _ _ _ _ _  - 979P -P'Sl 7% 1R L -  7 c  
9 27 6 34 -- ~ _ _ _  4 2 5 n - 1 6 5 4 1  7 6  (I Z C  4 2  l h  
7 25 9 3 2  2 - - ______ 
__ 7 I5  4 3  t 8  76 7 1  ____ 
_ 5 h 3 7 - 1 ~ 0 2  - i p  i r  29 78 
\ 
Figure 3.  Variable  threshold  pu l se  p o s i t i o n  
l i s t i n g  f o r  /kI/. 
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p i t c h  per iods ,  b u t  a r e  p r i n t e d  by the  program f o r  informational  
purposes, There are fou r  p i t c h  per iods  on t h i s  l i n e .  Thei r  
l e v e l  i s  juS t  above t h e  m i n i m u m  threshold  value (-3000) f o r  
t h i s  program, b u t  below t h e  f i x e d  threshold  level (-5000) 
used i n  Figure 2 .  
The l i s t i n g s  f o r  t h e  1 0 0  events  i n  the experimental  
sample have been computed, using t h e  d i f f e r e n t i a t e d  waveform, 
The p i t c h  e x t r a c t i o n  algori thm, with co r rec t ions ,  works very 
w e l l  f o r  female voices ,  bu t  s t i l l  f a i l s  t o  d e t e c t  s o m e  p i t c h  
per iods  f o r  m a l e  voices,, 
The pu l se  p o s i t i o n s  i n  ad jacent  p i t c h  per iods  (see 
Figure 3 )  are s u b j e c t  t o  some v a r i a t i o n .  Pulses  appear and 
disappear ,  and pulses  o f t e n  s h i f t  one o r  t w o  p laces  (sample 
t i m e s )  E) 
Comparison of phonemes spoken by t h e  same s u b j e c t  i n  
d i f f e r e n t  contex ts  (e ,g .  ,/i/ i n  / z i / ,  / m i / ,  /ri/) demonstrate 
t h a t  they are very s i m i l a r .  I n  add i t ion ,  events  spoken by 
d i f f e r e n t  speakers  show some of t h e  same similar i t ies  (and 
some d i f f e r e n c e s ) .  T h e  pu l se  p o s i t i o n  s p e c i f i c a t i o n  of 
speech thus  appears t o  have usefu lness  as an a n a l y s i s  and 
measurement t o o l .  The development of a s u p e r i o r  method f o r  
present ing  the  information i s  the s u b j e c t  of the next  chapter,, 
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3 ,  PULSE P O S I T I O N  SPECIFICATION O F  SPEECH 
T h e  ex i s t ence  of r e l a t i o n s h i p s  between t h e  pu l se  posi-  
t i o n s  i n  successive p i t c h  pe r iods  is  now clear. The automa- 
t i c  e x t r a c t i o n  of p i t c h  has been impraved t o  t h e  p o i n t  where 
few p i t c h  per iods  are missed, so t h a t  t h e  pu l se  p o s i t i o n  
l i s t i n g s  are easy t o  read, It  i s  ev iden t  t h a t  t h e  pu l se  posi-  
t i o n s  wi th in  a p i t c h  per iod ,  and t h e  p i t c h  per iod  i t s e l f ,  
are s u b j e c t  t o  some v a r i a t i o n  from per iod  t o  per iod.  
The eva lua t ion  of these v a r i a t i o n s  i s  d i f f i c u l t ,  however. 
Pulses  are occas iona l ly  missed, (no t  due t o  any f a u l t  of t h e  
processing programs, bu t  t o  some l o c a l  anomaly i n  t h e  wave- 
form), so it i s  n o t  poss ib l e  t o  design a simple algori thm f o r  
grouping t h e  pu l ses  toge ther .  I t  is now necessary t o  develop 
a method of p re sen ta t ion  b e t t e r  s u i t e d  t o  be i n t e r p r e t e d  by 
t h e  experimenter. (Not because the  experimenter i s  going t o  
u l t ima te ly  recognize t h e  events ,  b u t  because he has  t o  under- 
s t and  what i s  going on i n  o r d e r  t o  i n s t r u c t  t h e  machine.) 
3.1 T h e  Pulse  Pos i t i on  Charts* 
One method of making temporal r e l a t i o n s h i p s  clearer i s  
to  p r e s e n t  t h e m  s p a t i a l l y .  Therefore a program has been 
w r i t t e n  which p r i n t s  t he  pu l se  p o s i t i o n s  f o r  each p i t c h  
p,eriod as asterisks on a l i n e .  Thus pulse  p o s i t i o n  i s  presented 
*A l i s t i n g  of program PPC i s  found i n  Appendix B. 
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a g a i n s t  per iod number, T i m e  i nc reases  wi th  pe r iod  number, 
bu t  n o t  l i n e a r l y  unless the  p i t c h  p e r i o d  is cons tan t ,  
The r e l a t i o n s h i p  between t h e  pu l se  p o s i t i o n s  i n  ad jacent  
p i t c h  pe r iods ,  presented i n  Figure 3 ,  i s  much e a s i e r  t o  
i n t e r p r e t  i n  t h e  pulse  p o s i t i o n  c h a r t  p re sen ta t ion  of Figure 
4. From such a chart it i s  p o s s i b l e  t o  determine such use- 
f u l  parameters as p i t c h  per iod ,  changes i n  p i t c h  per iod ,  
(both s h o r t  and long term), and s i m i l a r  parameters f o r  t h e  
o t h e r  pu lse  p o s i t i o n s  a s  w i l l  be d iscussed  la ter .  
3 . 2  P i t c h  Period Correct ion 
The pu l se  p o s i t i o n  c h a r t s  f o r  the  1 0 0  events  i n  t h e  
experimental  sample have been computed, using t h e  d i f f e r e n t i -  
ated waveform. Examination of these  c h a r t s  shows the  pos- 
s i b i l i t y  of improving t h e  ope ra t ion  of t h e  p i t c h  e x t r a c t i o n  
algorithm. Once t h e  p i t c h  e x t r a c t i o n  algorithm has de tec t ed  
a p i t c h  per iod ,  pu lses  may be moved between ad jacen t  p i t c h  
per iods ,  i n  o r d e r  t o  make t h e  p re sen ta t ion  of t he  pu l se  
p o s i t i o n s  more accu ra t e  and cons i s t en t .  The dec i s ion  t o  
change the  p i t c h  per iod  boundaries i s  based on t h r e e  tests. 
The f i r s t  made i s  f o r  voicing.  I n  order  f o r  voicing t o  
be p re sen t ,  t h e  l eng th  of t h e  p re sen t  p i t c h  pe r iod  must be 
wi th in  a c e r t a i n  percentage n of t h e  l eng th  of the  previous 
p i t c h  per iod,  T h i s  percentage may be chosen by the experi-  
menter, I f  t h i s  t e s t  i s  f a i l e d ,  the  next  tes t  i s  n o t  appl ied.  
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Figure 4 .  Pulse position chart for /kI/. 
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The next  t e s t  i s  made f o r  skipping,  Figure 5 i l l u s t r a t e s  
t h i s  e f f e c t .  A t  t h e  p o i n t  l abe led  A on F igure  5, t h e  p i t c h  
per iod  i s  longer  than expected. A t  t h e  p o i n t  l abe led  B, a 
s h o r t  per iod  occurs ,  a s  t h e  p i t c h  pe r iod  algorithm sk ips  
back., This i s  a consequence of the recomputation of t h e  
threshold  leve l  a t  the  end of each p i t c h  per iod,  and of t h e  
period-to-period v a r i a t i o n  i n  peak amplitude. Figure 6 i l l u s -  
trates t h e  d e r i v a t i v e  waveform from a po r t ion  of t h e  phoneme 
/i/,, The h o r i z o n t a l  l i n e s  drawn a r e  t h e  threshold  levels 
used for t h a t  p a r t i c u l a r  p i t c h  per iod ,  It  i s  seekl t h a t  t h e  
e x t r a  length  of segment S i n  Figure 6 i s  due t o  an inc rease  
i n  t h e  th re sho ld  level,  r e l a t i v e  t o  t h e  peaks P arid Q. This 
i s  co r rec t ed  i n  t h e  pulse  p o s i t i o n  c h a r t  program i n  the  fol- 
lowing way: i f  t h e  previous p i t c h  per iod  has pu l ses  a t  
p o s i t i o n s  
and t h e  p r e s e n t  p i t c h  per iod  has pu l ses  a t  p o s i t i o n s  
and i f  qm - 
i s  said t o  have occurred. 
per iod ,  and 
i s  c l o s e r  t o  pn i n  value than qm i s ,  then skipping 
Then qmml i s  taken as t h e  p i t c h  
- rl - qm"qm-1 
becomes t h e  f i r s t  pu l se  p o s i t i o n  i n  t h e  next  p i t c h  per iod ,  
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Figure 5. Pu l se  p o s i t i o n  chart f o r  / m i / .  
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Double skipping also occurs  i n  t h e  experimental  sample. 
I n  t h i s  case qmm2 i s  c l o s e r  t o  pn than e i t h e r  qm,, o r  qm, 
Two pu l ses  m u s t  then be moved t o  t h e  next  p i t c h  per iod.  
I f  t h e  voicing tes t  i s  f a i l e d ,  a t e s t  i s  made for  double 
p i t c h  per iods.  Two c r i te r ia  are used: t h e  length  of t h e  
new p i t c h  per iod  must be wi th in  q percent  of  t w i c e  t h e  length  
of t h e  previous p i t c h  per iod;  and t h e r e  must e x i s t  a pulse  
p o s i t i o n  which i s  wi th in  T-I percen t  of t h e  l eng th  of t h e  pre- 
vious p i t c h  per iod ,  I f  these t w a  condi t ions  a r e  s a t i s f i e d ,  
t h e  recorded p i t c h  per iod  i s  s p l i t  i n  t w o .  The f i r s t  ha l f  
i s  p r i n t e d ,  and t h e  tes t  f o r  skipping i s  appl ied  t o  t h e  
second h a l f ,  N o  t es t  f o r  skipping i s  necessary on t h e  f i r s t  
h a l f ,  because t h e  pu l se  p o s i t i o n  c l o s e s t  t o  t h e  length  of 
t h e  previous p i t c h  per iod  i s  chosen as t h e  length  of t h e  
f i r s t  h a l f .  
Correct ion f o r  skipping and double p i t c h  per iods  r e s u l t s  
i n  much more accura te  and c o n s i s t e n t  p re sen ta t ion  of t h e  
pu l se  pos i t i ons .  Only when t h r e e  o r  more p i t c h  per iods  are 
grouped toge the r  does t h e  p re sen ta t ion  s u f f e r .  This r a r e l y  
happens i n  t h e  experimental  sample. 
3 . 3  Pulse Pos i t i on  Tracking 
As can be seen from Figures  4 and 5, t h e  pu l se  p o s i t i o n s  
f o r  t h e  vowels /i/ and /I/ remain r e l a t i v e l y  cons t an t  through 
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t h e  vowel. This i s  t r u e  f o r  most vowels f o r  a l l  f ive  speakers,  
One example of an except ion noted i n  the  experimental  sample 
i s  t h e  vowel /o/ which, as observed by Flanagan (8) usual ly  
e x i s t s  as a dipthong i n  General American d i a l e c t ,  The pu l se  
p o s i t i o n  c h a r t  f o r  t h e  event  /lo/ i s  given i n  Figure 7 f o r  
t h e  same female speaker who produced the  samples given i n  
t h e  ear l ier  f i g u r e s ,  I t  i s  seen tha t  t h e  tracks move about 
i n  r e l a t i o n  t o  t h e  ends of the  p i t c h  per iod,  However, it 
has been discovered t h a t  it i s  poss ib l e  t o  apply a con t inu i ty  
c r i t e r i o n  t o  the p o s i t i o n s ,  which enables  the  connecting of 
the  p o i n t s  i n  a t r a c k ,  The exac t  na tu re  of t h i s  con t inu i ty  
c r i t e r i o n  has n o t  been f u l l y  inves t iga t ed ,  and more w i l l  be 
s a i d  about t h i s  i n  Chapter 4 ,  
3 , 4  Pulse  Pos i t i on  Synthesis* 
The r e g u l a r i t i e s  of the  pu l se  p o s i t i o n s  i n d i c a t e  t h e  
p o s s i b i l i t y  of syn thes i s  of vowels and cont inuants .  A program 
has been w r i t t e n  which produces pulse  i n t e r v a l s ,  given a set 
of con t ro l  cards .  
N o  a t tempt  has been made a t  t h i s  t i m e  t o  synthes ize  
events  using t h i s  program. However, t h e  syn thes i s  program 
has been used i n  conjunction w i t h  p a r t  of t h e  pu l se  p o s i t i o n  
chart program (which produces as in te rmedia te  output  card  
images s u i t a b l e  f o r  c o n t r o l l i n g  the  syn thes i s  program) t o  
*A l i s t i n g  of program PITG i s  found i n  Appendix B e  
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Figure 7. Pulse  p o s i t i o n  chart for / lo/ .  
I I * I  I* 
I I * I  I *  * 
I I * I  I *  I* 
I I * I  I *  * 
I I I I 
I * I  I * 
I I * I  I t 
I I I I I I I I 
I 1 I I I I 
I I I I I I I I 
I I I I I I 
I I I I I 1 I I 
1 I I I I I I 
I I I I I I I I 
1 I I *  I * I  
1 I I *  I t l  
I I* I * I  
I I* 
I I I* I * I  
I I I* I * I  
I I * I * I  
I I I I I I I 
I I I I I I I I 
I I 1 I I I 
I I I I I I I I 
1 I I I 
I I I I I I I I 
I I I I I I 
27  
tes t  t h e  d e s i r a b i l i t y  of varying t h e  threshold  i n  t h e  pu l se  
i n t e r v a l  t a b l e  program (Sec t ion  2 . 1 ) .  The  r e s u l t s  of in fo r -  
m a l  t e s t i n g  i n d i c a t e  t h a t  there i s  an improvement. 
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4.  RESULTS 
T h i s  study i n t o  t h e  temporal s t r u c t u r e  of speech wave- 
forms has r e s u l t e d  i n  t h e  development of two u s e f u l  repre- 
s en ta t ions :  
1, 
2. 
T h e  pu l se  i n t e r v a l  r ep resen ta t ion ,  as a new method 
of coding speech, provides  a b a s i s  f o r  t h e  t r ans -  
m i t t i n g  of  speech a t  low transmission rates,  and 
f o r  the  s p e c i f i c a t i o n  of c e r t a i n  unvoiced speech 
events  
The pu l se  p o s i t i o n  r ep resen ta t ion ,  a s  a new method 
of spec i fy ing  t h e  r e l a t i o n s h i p s  between p i t c h  
per iods  i n  speech, provides  a b a s i s  f o r  measurements 
on t h e  speech waveform, which has a p p l i c a t i o n s  p r i -  
mar i ly  i n  t h e  a r e a  of ana lys i s ,  
T h e  a p p l i c a t i o n  of these  r ep resen ta t ions  t o  t h e  t r a n s -  
mission,  a n a l y s i s ,  recogni t ion ,  and syn thes i s  of speech w i l l  
be discussed i n  t he  following fou r  sec t ions .  
4 . 1  Speech Transmission 
The Threshold Sampling System has been modelled, and 
t h e  model has been shown t o  have the  same prope r t i e s .  This  
model i s  a l s o  a model f o r  a d i g i t a l  vocoder. With a sampling 
r a t e  of 2 0 , 0 0 0  samples p e r  second, t h e  average t ransmission 
r a t e  f o r  t h e  1 0 0  events  i n  t h e  experimental  sample i s  
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approximately 3200 b i t s  p e r  second (bps) .  T h i s  f i g u r e ,  
however, must be t r e a t e d  only as a prel iminary estimate of 
t h e  requirements f o r  a vocoder, f o r  the following reasons: 
1, 
2 .  
3. 
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Two 
T h e  t ransmission q u a l i t y ,  al though good, i s  no t  
a s  good as t h a t  of  c u r r e n t  vocoders a t  1600 bps o r  
higher .  I n  p a r t i c u l a r ,  low energy unvoiced phonemes 
are n o t  reproduced properly.  
It may be poss ib l e  t o  lower t h e  t ransmission rate 
through t h e  use of a 7-b i t  o r  6-b i t  format f o r  
encoding 
The use of a v a r i a b l e  threshold  system may improve 
t h e  i n t e l l i g i b i l i t y  and/or decrease t h e  necessary 
t ransmission ra te ,  This could be achieved either 
by d i g i t a l  techniques,  a s  i n  t he  model, o r  by analog 
techniques p r i o r  t o  thresholding.  For example, a 
peak r e c t i f i e r  might be used t o  ob ta in  t h e  c u r r e n t  
peak value,  o r  t h e  s i g n a l  might be compressed. 
The f i g u r e  of 3200 bps i s  an average over 1 0 0  events .  
The peak t ransmission rate could be as high a s  
8 0 , 0 0 0  bps f o r  a sampling r a t e  of 2 0 , 0 0 0  samples 
p e r  second, A d i g i t a l  memory s u f f i c i e n t  t o  s t o r e  
one second of encoded speech should be s u f f i c i e n t  
t o  achieve the  ind ica t ed  average rate, 
phenomena should be i n v e s t i g a t e d  before  a vocoder 
i s  designed using t h e  pu l se  i n t e r v a l  r ep resen ta t ion ,  T h e  
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first  i s  t h e  effect of t h e  reproducing system on t h e  i n t e l l i -  
g i b i l i t y .  I t  has been noted ( 9 )  t h a t  reproduct ion appears 
b e t t e r  i f  a poor q u a l i t y  loudspeaker i s  used. The p o s s i b i l i t y  
of using L-C c i r c u i t s  i n  a reproducing system, i n  o rde r  t o  
make t h e  reproduct ion independent of t h e  loudspeaker , should 
be examined. T h e  second i s  t h e  dependence of t h e  i n t e l l i -  
g i b i l i t y  on t h e  o rde r  of t h e  de r iva t ive .  I t  may be poss ib l e  
t o  design a s u p e r i o r  vocoder using some combination of  t h e  
zeroth,  f i r s t  and second o r d e r  d e r i v a t i v e s ,  
4,2 Speech Analysis  
The pulse  i n t e r v a l  and pu l se  p o s i t i o n  r e p r e s e n t i t i o n s  
of speech are new t o o l s  f o r  t h e  eva lua t ion  of t he  speech 
waveform. These t o o l s  are n o t  meant, however, t o  r ep lace  
any of the e x i s t i n g  techniques of speech a n a l y s i s ,  b u t  r a t h e r  
t o  complement them. I n  p a r t i c u l a r ,  much research ,  from t h e  
a c o u s t i c a l  , psychological  and l i n g u i s t i c  p o i n t s  o f  view, 
has gone i n t o  t h e  development of  a " d i s t i n c t i v e  f e a t u r e s "  (1) 
d e s c r i p t i o n  of  speech. I t  has been the a i m  of most of  t h i s  
research  t o  determine t h e  t i m e  dependence of t h e  frequency- 
domain parameters o f  speech events.  
The pulse  i n t e r v a l  and pu l se  p o s i t i o n  r ep resen ta t ions  
are techniques f o r  t h e  determinat ion of t h e  t i m e  dependence 
of t h e  time-domain parameters of speech events ,  Therefore,  
much of t h e  experimentation which has been done must be 
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repeated i n  t h e  contex t  of t h i s  new measurement system. Only 
i n  t h i s  way w i l l  i t  be p o s s i b l e  to  eva lua te  the  u l t i m a t e  
usefu lness  of t h i s  method of speech ana lys i s .  
The p i t c h  extraction algori thm, which i s  b a s i c  t o  t h e  
p re sen ta t ion  of t h e  pulse  pos i t i ons ,has  been improved over 
t h e  o r i g i n a l  proposal  by Cohen. Each improvement i s  s u b j e c t  
t o  one c o n s t r a i n t :  t h a t  it be causal .  N o  dec is ion  i s  made 
based on f u t u r e  information n o t  y e t  a v a i l a b l e  t o  t h e  pro- 
cess ing  programs. I n  t h i s  way it i s  always p o s s i b l e  t o  i m -  
plement i n  hardware each of t h e  algorithms discussed.  
Based on the  r e s u l t s  from the a n a l y s i s  of the experimental  
sample, t h e  threshold  leve l  f o r  p i t c h  e x t r a c t i o n  should be 
set  a t  70 pe rcen t  of  t h e  c u r r e n t  peak value of  t h e  saveform. 
The s t o p  number used f o r  each speaker w a s  picked some- 
what c a r e f u l l y  a t  t he  beginning o f  t h e  experiments, i n  o r d e r  
to  minimize errors. T h e  effect  of s t o p  number v a r i a t i o n  on 
t h e  a b i l i t y  of t h e  algori thm t o  e x t r a c t  p i t c h  has n o t  been 
inves t iga t ed .  I t  is  suspected t h a t  t h e  to l e rance  of  t h e  
algori thm t o  v a r i a t i o n  of  s t o p  number i s  improved by the  
o t h e r  co r rec t ion  algorithms 
The number of pu lses  p e r  p i t c h  per iod  inc reases  r ap id ly  
as t h e  threshold  l e v e l  i s  dropped t o  30 percent  of t h e  c u r r e n t  
peak value, and then i n c r e a s e s  more slowly, This i s  i n  
accord with t h e  f ind ings  of Babcock (5 )  t h a t  i n t e l l i g i b i l i t y  
s co res  improve as t h e  th re sho ld  l e v e l  i s  lowered t o  30 pe rcen t  
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of peak l e v e l ,  and remain e s s e n t i a l l y  cons tan t  below t h a t  
po in t .  T h i s  i n d i c a t e s  t h a t  a threshold  l e v e l  of 20 t o  30 
pe rcen t  of the  c u r r e n t  peak value i s  optimum f o r  s p e c i f i c a t i o n  
of speech events .  
4 E )  3 Speech Recognition 
Automatic recogni t ion  of speech events  has n o t  been 
attempted, The pu l se  i n t e r v a l  and pu l se  p o s i t i o n  spec i f i ca -  
t i o n s  of speech are use fu l  f o r  automatic recogni t ion  of many 
d i s t i n c t i v e  f e a t u r e s  of speech. For example, it i s  poss ib l e  
t o  detect voicing,  when i t  occurs .  However, it i s  n o t  al- 
ways p o s s i b l e  t o  d e t e c t  t h a t  a speech event  i s  taking p lace  
which i s  unvoiced ( i s /  has a very d e f i n i t e  pu l se  i n t e r v a l  
r ep resen ta t ion ;  /h/ i s  n o t  d e t e c t e d ) .  The constancy of  t he  
pulse  p o s i t i o n  t r a c k s  w i l l  permit  t h e  simple automatic recog- 
n i t i o n  of  vowels and l i q u i d s ,  b u t  dipthongs w i l l  p r e sen t  
considerably g r e a t e r  d i f f i c u l t y ,  These r ep resen ta t ions  seed 
t o  be c a r e f u l l y  eva lua ted ,  and compared wi th  o t h e r  methods, 
before  any at tempt  i s  made t o  b u i l d  a gene ra l  recognizer .  
I n  t h i s  s tudy ,  a t t e n t i o n  has been concentrated on the  
f i r s t  d e r i v a t i v e  waveformd due t o  t h e  fac t  t h a t  it has been 
shown t o  produce higher  i n t e l l i g i b i l i t y  scores ( 5 ) .  However, 
it i s  l i k e l y  t h a t  t h e  u n d i f f e r e n t i a t e d  waveform, and t h e  
higher-order d e r i v a t i v e  waveforms, w i l l  permit  t h e  de t ec t ion  
of s i g n i f i c a n t  parameters i n  s impler  ways e 
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For example, t h e  e x t r a c t i o n  of p i t c h  i s  probably most ~ 
e a s i l y  done using the u n d i f f e r e n t i a t e d  waveform. I n  a hard- 
ware implementation of a gene ra l  recognizer ,  t h i s  would be a 
simple approach. H o w e v e r ,  i n  a d i g i t a l  model, t h e  n e c e s s i t y  
of  examining t w i c e  as many d a t a ,  which must be i n  t i m e  syn- 
chronism, would make t h i s  a less a t t r a c t i v e  a l t e r n a t i v e .  
On t h e  o t h e r  hand, those  f e a t u r e s  o r  events  which have 
been cha rac t e r i zed  i n  t h e  frequency domain as having high 
energy i n  t h e  high frequency po r t ion  of the spectrum w i l l  
probably be e a s i e r  t o  eva lua te  using t h e  second o r  h igher  
d e r i v a t i v e s ,  
4 4 Speech Synthes is  
Once t h e  pu l se  p o s i t i o n  s p e c i f i c a t i o n s  of speech events  
have been determined, it w i l l  be poss ib l e  t o  synthes ize  speech 
events  by r u l e ,  I t  i s  f e l t ,  from examination of t h e  pulse  
p o s i t i o n  charts f o r  t he  experimental  sample, t h a t  t h e s e  r u l e s  
w i l l  have t o  spec i fy  n o t  only t h e  f e a t u r e s  which are cons tan t  
over  several p i t c h  per iods ,  bu t  a l s o  the na tu re  of t h e  period- 
to-period f l u c t u a t i o n s  of  the pulse  pos i t i ons .  
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5. CONCLUSIONS AND OUTLOOK 
The pu l se  i n t e r v a l  and pu l se  p o s i t i o n  r ep resen ta t ions  
developed i n  t h i s  paper  r e p r e s e n t  a major depar ture  from t h e  
frequency-domain analyses  t r a d i t i o n a l l y  used i n  i n v e s t i g a t i o n s  
of t h e  p r o p e r t i e s  of t he  speech waveform. 
The p r e c i s e  s p e c i f i c a t i o n  o f f e r e d  by these representa-  
t i o n s ,  which are i n h e r e n t l y  ( r a t h e r  than a r t i f i c i a l l y )  d i g i -  
t a l ,  i s  an obvious advantage i n  the  contex t  of t ransmission 
and recogni t ion  of  speech events  by automatic devices .  I n  
add i t ion ,  t hese  r ep resen ta t ions  w i l l  provide a t o o l  f o r  t h e  
b e t t e r  understanding of t h e  processes  which are taking p l ace  
i n  t h e  production (and perhaps t h e  a n a l y s i s )  of t h e  speech 
waveform. 
The cons t ruc t ion  of  automatic devices  based on these  
r ep resen ta t ions  w i l l ,  i n  t u r n ,  provide a d d i t i o n a l  i n s i g h t  
i n t o  t h e  important f e a t u r e s  o f  t h e  pu l se  i n t e r v a l  and pulse  
p o s i t i o n  s p e c i f i c a t i o n  of  speech events ,  
The a p p l i c a t i o n  of  t h e s e  techniques t o  o t h e r  areas of 
i n v e s t i g a t i o n  w i l l  fo l low from t h e  a v a i l a b i l i t y  of t h e  devices  
and from an understanding of t h e  s ign i f i cance  of t h e  output  
of t h e s e  devices .  
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APPENDIX A,  THE D I G I T A L  PROCESSING SYSTEM 
The p repa ra t ion  and a n a l y s i s  of t h e  d a t a  f o r  t h i s  study 
have been c a r r i e d  o u t  on computers which are a p a r t  of t h e  
Serv ice  Computing F a c i l i t y  provided by the D i g i t a l  Computer 
Laboratory a t  t h e  Universi ty  of I l l i n o i s ,  Urbarla, The con- 
ve r s ion  of a c o u s t i c a l  s i g n a l s  t o  d i g i t a l  samples (and v i c e  
ve r sa )  i s  done on an IBM 1800 computer. The a n a l y s i s  of t h e  
d a t a  i s  done on an IBM System/360 computer, model 75,  
The 1800 is  a medium-speed processor -cont ro l le r  with 
16,384 16-bi t  words, and a 2 microsecond cyc le  t i m e ,  Severa l  
s p e c i a l  input-output  devices  are a t t ached  t o  it: (10) 
1. An ana log- to-d ig i ta l  conver te r ,  with t h e  following 
f ea tu res :  1 6  mult iplexed inpu t  po r t s ;  coqversion 
accuracy of 1 4 - ,  11-, o r  8-b i t s ,  p lus  s ign ;  maximum 
sampling rate of 1 8 , 0 0 0 ,  2 1 , 0 0 0  o r  2 4 , 0 0 0  samples 
pe r  second (nominal),  depending on conversion 
accuracy; i n t e r n a l  o r  e x t e r n a l  synchronizat ion of 
d a t a  conversion, 
2 ,  A d ig i ta l - to-ana log  conver te r ,  with: t w o  ou tput  
p o r t s ,  s e l e c t e d  by t h e  l eas t  s i g n i f i c a n t  b i t ;  
conversion accuracy of 1 2  b i t s ,  p lus  s ign ;  c r y s t a l  
c o n t r o l l e d  conversion ra te  of 1 0 , 0 0 0 ,  2 0 , 0 0 0 ,  30,000 
or  4 0 , 0 0 0  samples p e r  second, o r  free, ruoning a t  
channel ra te  (about 1 0 0 , 0 0 0  samples per  second).  
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3. 
4. 
5. 
6 .  
70 
8. 
I n  
A c c e s s  t o  up t o  f i v e  high-speed d i g i t a l  t ape  d r ives ,  
which are shared with t h e  360/75. 
A d i rec t  connection (channel-to-channel adapter )  t o  
t h e  360/75. A l l  programs, i n p u t  d a t a  (e.g. ,  c o n t r o l  
cards)  ou tput  d a t a  (e.g. ,  p r i n t e d  l i n e s )  e t c , ,  
are received from o r  s e n t  t o  a supervisory program 
(which runs on t h e  360/75) v i a  t h i s  d i r e c t  connection. 
The 1800 has no card  reader  o r  p r i n t e r .  
Process i n t e r r u p t .  
Contact opera te ,  
Contact sense.  
A typewri ter /console .  
add i t ion  t h e r e  i s  a high-qual i ty  t ape  recorder/repro- 
ducer attached t o  t h e  systems which can be con t ro l l ed  (s tar t /  
s top/record)  e i t h e r  manually or by the computer through 
con tac t  opera te ,  
The opera t ing  system f o r  t h e  1800 i s  c a l l e d  AM@218/1800, 
and w a s  w r i t t e n  by a m e m b e r  of t h e  DCL s t a f f  (111 ( 1 2 )  e I t  
s p e c i f i c a l l y  provides  f o r  t h e  real-time na tu re  of t h e  pro- 
cess ing ,  f o r  t h e  ex i s t ence  of t h e  shared t ape  d r i v e s ,  and 
f o r  t h e  u t i l i z a t i o n  of t h e  direct  connection t o  t h e  360/75, 
I t  a l s o  provides  communication pa ths  t o  data-processing pro- 
grams running concurrent ly  on t h e  360/75. Fur ther  information 
on t h i s  system i s  provided i n  t h e  named r e p o r t s  (10a12)e 
T h e  1 8 0 0  i s  a hands-on (open shop) machine, and programs 
f o r  it must be w r i t t e n  i n  1 8 0 0  assembler language, ( N o  o t h e r  
37 
higher- level  language is  a v a i l a b l e  1 However, two supervisory 
programs are a v a i l a b l e  f o r  use i n  c o n t r o l l i n g  analog-to- 
d i g i t a l  and d ig i ta l - to-ana log  conversion, ADSUP ( 1 2 )  and 
DASUP(12)  are w r i t t e n  w i t h  a command s t r u c t u r e  such t h a t  an 
use r  need know nothing of the  opera t ion  of  the  1 8 0 0 ,  except  
where t o  connect h i s  w i r e s ,  and how t o  opera te  t h e  typewri te r ,  
Externa l  vo l tages  i n  t h e  range k 5 v o l t s  are converted 
to  i n t e r n a l  i n t e g e r s  i n  the  range $ 32766, There i s  a re- 
v e r s a l  i n  s ign  during A/D conversion due t o  t h e  mult iplexor ,  
The 360/75 i s  a very l a r g e ,  high-speed, gene ra l  purpose 
computer with many p e r i p h e r a l s ,  which i s  operated as the  
" se rv ice  computing" f a c i l i t y  of  t h e  Universi ty  (13) The 
supervisory program f o r  t h e  1 8 0 0  (AM@S/360) runs on t h e  360/ 
75 i n  t h e  same manner a s  any o t h e r  user  program, The 360/75 
i s  multiprogrammed, i o e o ,  more than one user  i s  u t i l i z i n g  
t h e  c e n t r a l  processor  and memory a t  one t i m e ,  and only a small  
f r a c t i o n  of t h e  c a p a b i l i t i e s  of t h e  360/75 are used t o  super- 
vise t h e  1800,  However, AM&IS/360 permits  t he  a t t ach ing  of a 
subtask,  which can use the  f u l l  c a p a b i l i t i e s  of t h e  360/75. 
I n  t h i s  manner it i s  p o s s i b l e  t o  process  d a t a  a s  soon a s  it 
i s  prepared by t h e  1800, o r ,  conversely,  t o  prepare da t a ,  
examine t h e  ou tpu t  via  t h e  1800 ,  and then prepare m o r e  d a t a ,  
a f t e r  t h i s  examination. 
All processing programs have been w r i t t e n  i n  FORTRAN IV.  
The only non-standard f e a t u r e  of t hese  programs is the  use 
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of a set  of s p e c i a l  r o u t i n e s  t o  read and w r i t e  t apes .  These 
are used because the  1800  does n o t  prepare tapes  i n  a format 
acceptab le  t o  FORTRAN. I n  add i t ion  they are fas ter  i n  opera- 
t i o n  than t h e  s tandard  FORTRAN input /output  rou t ines .  
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A P P E N D I X  B e  COMPUTER PROGRAMS 
This appendix conta ins  t h e  computer programs which i m -  
plement t h e  techniques descr ibed  i n  t h i s  paper., I n  m o s t  
cases a complete working program with a l l  cont ro l  cards  i s  
presented,  A few notes  are given below on t h e  subrout ines  
which are used, Fur ther  information on these  subrout ines  
i s  contained i n  t h e  c u r r e n t  AMPS Users Guide (121,  
P I T  and PTSYN. The un-named FORTRAN program a t  t h e  
beginning, and t h e  1 8 0 0  program SPEAK provide a real-time 
communications pa th  between t h e  FORTRAN program P I T  and t h e  
1 8 0 0  program PTSYN, using t h e  subrout ines  MAIN, PT360, 
WT360, TM360, PT1800, WT1800. Subroutines with e n t r y  p o i n t s  
of t he  form TPXXXZ o r  TPXXX are t ape  handling rou t ines .  The 
stlbroutines of t he  form CAXXX communicate with t h e  s ta tement  
READ ( R ,  89,  ...) i n  program PIT. The speech samples are 
inpu t  f r o m  t ape  825858 (da ta  se t  r e fe rence  number 25), and 
t h e  pu l se  i n t e r v a l  t a b l e  i s  ou tpu t  t o  t ape  NqLBL (dsrn  2 6 ) ,  
Control of t h e  opera t ion  of t h e  programs i s  from t h e  type- 
w r i t e r  on the  1800, 
PPL and PPLV. The speech samples are inpu t  from t ape  
825858, The p u l s e  p o s i t i o n  l i s t i n g  i s  p r i n t e d ,  
PPC, This i s  w r i t t e n  as a s h o r t  main program and two -
subrout ines .  The p i t c h  pe r iod  co r rec t ion  algorithms are a l l  
grouped toge the r ,  The speech samples are inpu t  from tape  
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$25858 and t h e  pu l se  p o s i t i o n s  a r e  w r i t t e n  on the temporary 
d a t a s e t  FT18F001, Subroutine PRPPC then p r i n t s  t h e  asterisks. 
PITG. This i s  a subrout ine  without a c o n t r o l l i n g  -
program. It  may be used with a s l i g h t l y  modified ve r s ion  of 
PPC, o r  w i t h  o t h e r  r o u t i n e s ,  
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/ * I D  P S = ~ ~ ~ ~ ~ D E P T = E E T C O D E = D I F E Q U T N A M E = A T ~ O O D T M S G ~ E V E L = ( I T ~  1 T 
/*SETUP 
/*SETUP U N ~ T = T A P E I I D = ~ N O L B L ? N L )  
/* fOREQ=5000 
UNITzTAPE9 I D =  ( 0 2 5 8 5 8  9 NOR1 NG, NL 1 
/ /  EXEC FORTLKED 
INTEGER RTNCTRTP 
P=6 
SRATE=17400-  
ORATE=20000* 
RTNC=63 
CALL T P O P I Z ( 2 5 1  
CALL T P O P I Z ( 2 6 )  
1 CALL  W T 1 8 0 0 f R )  
I F  ( R e G E e 1 0 0 )  GO TO 2 
CALL P I T ( R 9  P T  SRATETORATE) 
REMIND R 
C A L L  P T 1 8 0 0 ( R T N C )  
GO TO 1 
C TERMINATE T H I S  TASK 
2 CALL T P C L S Z ( 2 5 1  
CALL TPCLSZ ( 2 6  1 
RETURN 
END 
SUBROUTINE P I T ( R ? P ? S R A T E ? O R A T E )  
C ALL  LOGIC I S  REVERSED DUE TO S I G N  REVERSAL BY MULTIPLEXOR 
c ON THE 1800 
C THE SPEECH I S  ON DATASET I N S E T ?  I N  RECORDS OF LENGTH 2 0 4 8  
INTEGER*Z X Y ( 2 0 4 8 )  
C THE PULSE INTERVAL TABLES ARE OUTPUT 
C TO DATASET OUTSET? 100 INTERVALS AT A T I M E  
INTEGER OUTSET?PEST4( 100) S K I P  
INTEGEReZ P E S T ( 5 0 1  
C R IS THE READ DATASET NUMBER FOR CONTROL CARDS 
C P IS THE P R I N T  DATASET NUMBER FOR S T A T I S T I C S  
INTEGER C O M P ~ E O F ~ X X T E V E N T ~ R ? P ~ O P E N  
ASSIGN 101 TO EOF 
OPEN=O 
C SRATE IS THE SAMPLE RATE FOR THE INPUT DATA 
C ORATE IS THE SAMPLE RATE FOR THE OUTPUT DATA 
D E L T A z 2 0 4 8  i. /SRAT E 
FACTOR=ORATE/SRATE 
C T H I S  SUBROUTINE PRODUCES OUTPUT FOR THE 1800 PROGRAM PTSYN 
C 
C **e** GET DATASET NUMBERS ***e* 
10 READ (Rp899END=90)  INSETTOUTSETISKIP 
89 F O R M A T f 2 1 2 p I 6 )  
I F  (INSET,EQIO) GO TO 10 
EVENT=l  
IFLAG=O 
I F  (OUTSETeEQeOPEN) GO TO 11 
I F  (OPEN-EQIO) GO TO 13  
CALL TPREWZ (OPEN) 
CALL TPWTEZ(OPEN1 
13 OPEN=OUTSET 
I F  ( S K I P - L E I O )  GO TO 11 
DO 12 I = l p S K I P  
4 2  
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
12 
I1 
4 
91 
6 
7 
5 
8 6  
1 
2 
73 
72 
71 
CALL TPFSFZ(OPEN1 
CONTINUE 
***** GET GROUP PARAMETERS ***** 
READ ( R 1 9 1  1 NFILES9COMP 
FORMAT(2Xy616)  
I F  ( N F I L E S )  69395 
NEGATIVE N F I L E S  WILL S K I P  NFTLES EVENTS 
N F I l E S = - N F I L E S  
EVENT=EVENT+1 
CALL TPFSFZtTNSET)  
I F L A G = l  
GO TO 4 
DU 7 I = l y N F I L E S  
N F I L E = I  
WRT TE I P9 86 1 INSET9 OPEN9CUMP9NFILES 
FORMAT(' I N = ' 1 2 r e 9  OUT='IZ, 'y L E V E L = @ I ~ T ' V  N F I L E S = ' I 6 f  
I P E S T = 1  . 
I BYTES=O 
TIME=Oo 
***** PROCESS ONE F I L E  ***** 
I N I T T A L I Z A T I O N  
LEV EL= 1 
I NTER=O 
***** PROCESS ONE RECORD e**** 
CALL TPGETZ ( I N S E T v X Y )  
CALL  TPCHKZ( IMSET9NB9EOF) 
DO 444 I T = l r 2 0 4 8  
TIME=T I M  E+DELTA 
IFLAG=O 
X X = X Y ( I T )  
*e*** PRODUCE AN INTERVAL **e** 
INTER= I N T E R + l  
IF (XXeGTeC0MP)  GO TO 443 
I F t L E V E L - E Q . 1 )  GO TO 444 
LEVEL=1  
I NVER=INTER*FACTOR 
EXAMINE INTERVAL 
I F  ( INVER.LTe2551 GO TO 8 4  
PEST4 ( I PEST? = 2 5 5  
I F  ( I P E S T o L T o l O O )  GO T O  71 
DO 72 M=1950 
I=2*M 
PEST(M)=256*PEST4CI- - l )+P€ST4(1)  
CALL T P P U T Z ( O U T S E T P P E S T ~ ~ O O ~  
IBYTES=IBYTES+ lOO 
CALL TPWTEZ(0UTSET) 
I PEST=O 
I P E S T = I P E S T + l  
I NVER=INVER-254 
*e*** INVERoGE-255  ***** 
4 3  
GO TO 73 
84  I F  (INVER.LT.1) INVER=1 
C ***** I N V E R a L T - 2 5 5  ***** 
P E S T4 I P E ST 1 = I N V E R 
I F  I I P E S T a L T a 1 0 0 )  GO TO 81 
DO 82 M = l r 5 O  
I=2*M 
82 PEST(MI=256*PEST4(f - -r f+PEST4(1)  
CALL T P P U T Z t O U T S E T t P E S T ~ l O O )  
IBYTES=IBYTES+ lOO 
CALL TPWTEZ(0UTSET) 
I PEST=O 
8 1  I P E S T = I P E S T + l  
C END OF EXAMINATION 
INTER=O 
GO TO 444 
443 LEVEL=O 
C 
C END OF ONE-RECORD LOOP 
444 CONTlENtfE 
GO TO 2 
C 
C END OF F I L E  E X I T  
101 I F ( I F L A G e E Q . 1 )  GO TO 3 
I F t A G = l  
EVENT=EVENT+I 
DO 61 J = l r 4 0  
P E S T 4 ( I P E S T ) = 2 5 5  
IF ( I P E S T a L T , l O O ~  GO TO 61 
DO 62 M = 1 9 5 0  
I = 2 * M  
62 P E S T ( M ) = 2 5 ~ ~ P E S T 4 ( 1 - 1 ) + P E S T ~ ( I )  
CALL TPPtJTZfOUTSET,PEST9100) 
IBYTES=IBYTES+100  
CALL TPWTEZ (OUTSET) 
I PEST=O 
61 I PES,T= I PEST+ 1 
I F  ( N F I L E S o f Q a M F I L E l  GO TO 41 
NF I L E  =N F I LE+ 1 
GO TO 1 
IBSEC= I 8 Y T E S / T I  ME 
T I M E = T I M E + * 5 0 8  
41 CONTINUE 
WRITE C P p 4 2  1 I BYTES 971 ME p IBSEC 
42 FORMAT(" I B Y T E S = ' T l O + ' ,  TIME='F7.29' SECI RATE=' 
*110p' BYTES PER SECOND') 
C 
C 
3 
a 3  
GO TO 4 
TWO END OF F I L E S  I N  A ROW 
CALL TPREWZf I N S E T )  
CALL  TPWTEZ(INSET1 
P E S T 4 ( I P E S T ) = O  
I =2*M 
PEST(M1=256*PEST4(I-l)+PEST4(1) 
CALk T P P U T Z ( U U T S E T P P E S T r 1 ~ 0 ~  
DO 83 M=l,SO 
44 
CALL TPWTEZ (OUTSET) 
GO TO 10 
C 
C END O F  F I L E  ON SYSIN 
90 CONTINUE 
CALL  TPEOFLI OUTSET 1 
C A L L  TPEOFZtOUTSETI 
CALL TPREWZ [OUTSET 1 
CALL TPWTEZtOUTSETl 
R ETU RN 
END 
/ /  EXEC ASM1800 
*CTL 029 
*AS# SPEAK--AN 1800 CONTROL PROGRAM 
8 SPEAK LISTENS TO THE 1816 TYPEWRITER AND S E N D S  * HEARS T O  THE 75 ON DATASET F T l D F O O l  
9 INPUT OF THE MESSAGE 'RtEND' RESULTS I N  THE PO 
8 THE 75 * INPUT OF THE MESSAGE ' R t Q U I T '  CAUSES ALL PROCE 
8 TO BE TERMINATFO 
ENT SPEAK 
SPEAK DC t--t 
CALL MA P 
C A L L  MATN F I R E  UP THE 75 
Z A C  
STO R TNC 
DC M S G l  
DC INPUT IEC 
DC EC w * 
C A L L  WAIT * 
DC ECW 8 
L O  INPUT I S  THERE A MESSAGE? 
A ONE 
STO INPUT . BYTES/Z=WORDS 
L D  I N P U T + l  GET FIRST TWO CHAR 
CMP L END IS I T  END? 
B QUIT N O T  
B Q U I T  NOT 
B RUN GO POST 360 
QUIT CMP L QU IS I T  QUIT? 
B PUSH N O T  
B PUSH NOT 
CALL PT360 YES9 TERMINATE SUBTASK 
DC TERM 
C A L L  TM360 
DC CCODE 
B I SPEAK GO AWAY NICELY 
PUSH CALL CAPUT WRITE MSG TO ADAPTER 
DC F I L E N  t 
DC INPUT 8 
C A L L  CACHK t 
CALL CWRTT 
DC I MSG2 
AKWAK CALL CWRIT WE'RE HERE 
L I S E N  C A L L  REPLY LOOK FOR OPERATOR RESPONSE 
8 
SRA 1 YES. 
45 
W T L  029 
B 
RUN C A L L  
DC 
CALL 
DC 
C A L L  
DC 
CALL 
oc 
CALL 
DC 
ZAC 
STO 
C A L L  
DC 
C A L L  
B 
M S G l  DC 
EBC 
MSG2 DC 
EBC 
M S G 3  DC 
EBC 
ECW DC 
INPUT BSS 
F I L E N  EQU 
DSN DC 
RTNC DC 
ONE DC 
QU EBC 
END EBC 
TERM DC 
C C O D f  BSS 
END 
L I  SEN LOOK FOR MORE 
CAEOF 
F I L E N  
CAREW 
FTLEN 
PT360 
DSN 
CWRIT 
MSG3 
WT360 
R TNC 
RTNC 
CAREW 
F I  LEN 
PTSYN 
A K  WAK 
5 
.SPEAK* 
1 
-?e 
10 
,360 POSTED, 
0 
40 
fO 
F I  LEN 
0 
1 
- Q U w  
€No 
101 
2 
*ASM PTSYN--A PULSE TRAIN SYNTHESIZER 
PTSYN DC *-* ENT PTSYN 
CALL CWRIT 
DC MSGl 
LABEL CALL C W R I T  
DC MSG2 
CALL REPLY 
DC INPUT 
DC RECW 
C A L L  WAIT 
DC RECW 
L D  L INPUT 
CMP L S I X  
B LABEL 
B LABEL 
LDD L ZNPUT+1 
STD L TCT 
L D  t INPUT+3 
STO L TCT+2 
CALL TPOPI 
ENTRY POINT 
SAY Wd ARE I N  CONTROL * 
TAPE LABEL=? * 
LOOK FOR REPLY * 
9 
8 * 
CHECK LENGTH 
8 
L .NE. 6 
L .NE0 6 
STORE LABEL 
I N  TCT * * 
OPEN TAPE 
DC TCT t 
HDNG THE SYSTHESIZER 
88tt888t8t8*tt*t888t~tt*ttttt*88~tt8t8t8t~8t*t8ttt~ 
8 I N I T I A L I Z A T I O N  t 
t*8t8t*88t8~t88+*t8~~~~tt88tttttttt~tt~tt8~8~88t~ttt 
FPEST LDD L PEST1 SET PEST POINTERS 
STD L PESTP 8 
C A L L  TPGET F I L L  F I R S T  PEST 
DC TCT t 
uc PEST1 
t THE S P E C I F I C A T I O N  O F  THE PULSE T R A I N  I S  I N  * PEST -- THE PULSE EVENT S P E C I F I C A T I O N  TABLE 
8 PEST I S  OF LENGTH PESTL 
STSYN EQU ?. 4. 
C A L L  CWRIT READY- 
DC MSG8 t 
CALL REPLY LOOK FOR ANY MESSAGE 
DC INPUT 8 
DC RECW 8 
CALL WAIT * 
DC RECW t 
LDD L DBUFI  SET DABUF BASE ADDRESSES 
ST 0 B U F A l  I 
STO BUFA2 * 
STO BUFA3 t 
STO BUFA4 8 
XCH SET CURRENT DABUF POINTER 
STD L DBUFP * 
ZAC SET F I R S T  BUFFER 
STO L F I R S T  P 0 I NTER=O 
LDX L Z  -DASIZ 
EJCT 
8 XR2 = CURRENT DABUF POINTER 
tt888**8~*~~8*8*t~**~8888*t*8tt8*88tt*8*t~~tt~t~~8t 
8 THE DAO SUPERVISORY LOOP 8 
t~8*888**tt88**88t*8~88t**8~8~8888tttt*88~*~t*8tt~* 
t BY F ILL ING B U F l  AND BUFZ ALTERNATELY9 BUT 
THE DAO SUPERVISORY LOOP KEEPS AHEAD OF DAO 
t PAUSING A T  THE END OF EACH BUFFER U N T I L  THE 
4. 1
* OTHER I S  EMPTY, 
POINT TO THE NEXT PEST AND B E G I N  R E F I L L I N G  JI cc* THE OLD ONE, 
RPEST LDX I 1  PESTP SET PEST POINTER 
MDX 1 PESTL+1 t 
STX L f  LCTAD t 
LDD L PESTP F L I P  POINTERS 
XCH 
ST 0 PESTA POINT TO OLD PEST 
CALL TPCHK CHECK LAST 1/0 COMPLETE 
D t  TCT I 
DC EOFXT 8 
02 CK ERR 1/0 ERROR 
C A L L  TPGET R E F I L L  ET 
DC TCT 
8 
JI STD L PEST'P ?. 
t 
JI PESTA DC *-8 -#- 
47 
* XR3 = CURRENT PEST POINTER 
LDX 3 -PESTL 
t G E T C  ZAQ 
L D  t 3  *--t 
LCTAD EQU *- 1 
R T E  8 
SLA 8 
RTE 8 
STD L C N T R l  
S L CCLV 
STO L CCLVI. 
XCH 
S L CCLV 
STO L CCLV2 
MOM C N T R l r O  
B L P U L l  
B ENSYN 
LDX 11 C N T R l  
MDX 1 -1 
B L S T Z E  
XCH 
B LF1 
L S T Z E  STO t 2  *-* 
BUFA2 EQU *- 1 
MDX 2 1 
B t Z 2  
B S I  DWAIT 
L Z 2  MDX 1 -1 
B L S T Z E  
XCH 
MDM C C L V l 9 0  
8 L F 1  
B CKCN2 
L F 1  STO L2  *-* 
B U F A l  EQU *-1 
L P U L l  LDD L ZERO 
MDX 2 1 
B CKCNZ 
B S I  DWAIT  
B L Z 3  
0 ENSYN 
LDX I 1  CNTRZ 
MDX 1 -1 
B LSTZR 
XCH 
B t F 2  
L S T Z R  STO L 2  *--t 
B U F A 4  EQU *-I 
MDX 2 1 
B L Z 4  
B S I  DWAIT  
B LSTZR 
XCH 
CKCN2 MDW CNTR2 Y O  
L Z 3  XCH 
t Z 4  MDX 1 -1 
ZERO THE A-Q 
GET THE NEXT TWO COUNTS 
SEPARATE THEM * * 
PUT THEM AWAY 
SET '255'  POINTER 
CHECK COUNTER 1 
OK9 GO OM 
I F  COUNT IS ZERO? GO AWAY 
SET A-Q 
LOAD COUNT 
DECREMENT 
GO ON 
S K I P p  COUNT WAS ONE 
STORE ZERO D E F L E C T I O N  
END OF D/A BUFFER? 
NO9 CHECK COGNT 
YES9 W A I T  ON INTERRUPT 
END OF COUNT? 
NO9 GO BACK 
F L I P  A-Q 
WAS COUNT=255? 
NO9 GO ON 
YES9 S K I P  DOWN 
STORE FULLSCALE D E F L E C T I O N  
END OF D/A  BUFFER? 
NO9 GO ON 
YES9 WAIT  ON INTERRUPT 
YES9 CHECK COUNTER 2 
OK9 GO ON 
I F  COUNT I S  ZERO9 GO AWAY 
F L I P  A-Q 
LOAD COUNT 
DECREMENT 
GO ON 
S K I P ,  COUNT WAS ON€ 
STORE ZERO DEFLECTION 
END OF DPA BUFFER? 
NO9 CHECK COUNT 
YEST WAIT  ON INTERRUPT 
END OF COUNT? 
NO? GO BACK 
F L I P  A-Q 
4 8  
MDM CCLV29O WAS COUNT=255? 
B LF2 NO9 GO ON 
B CKNEtrB YESISKIP DOWN 
LF2 STU L2 *-* STORE FULLSCALE DEFLECTION 
BUFA3 EQU *- 1 
MDX 2 1 END OF D/A BUFFER? 
B CKNEW NO, GO ON 
BSf DWAIT YES9 W A I T  ON INTERRUPT 
B LGETC MORE YET I N  TABLE 
B RPEST NEED NEW TABLE POINTERS 
EJCT 
CKNEW MDX 3 1 THEN9 NEED NEW COUNT 
9 * * 8 * * * * * * 8 * ~ 8 ~ ~ B ~ ~ ~ * 8 * ~ * * * * * * * * * * * * * - t * 8 * * * * - t * * * * ~ *  * THE TNTERRUPT WAIT ROUTINE 8 
8 8 * t * ~ * * * * + t ~ B + ~ t * * * * g : * * * * ~ + * * * * * ~ - t - t - t 8 8 8 * * 8 8 - t B * * 8 * - t  
D H A I T  DC *-* ENTRY POINT9  RETURN ADR 
STD L AQ SAVE A-Q 
MDM F I R S T 9 0  I S  T H I S  THE F I R S T  T IME? 
B CKDAO NO9 
STX LO F I R S T  YES9 SET ' F I R S T '  NON-ZERO * T H I S  IS THE F I R S T  PASS THRU DWAIT S INCE 
8 STARTING [OR RESTARTING) SYNTHESIS? AND 
* WE MUST NOW START THE DAO, AN0 THEN GO BACK * TO THE DAO SUPERVTSORY LOOP9 BYPASSING THE 
g: WAIT ON DAECB, 
STOAC EQU * 
* THE F I R S T  TABLE IS NOW FULL, 
CALL COPUT SET D /A  RATE 
DC DRATE * 
STX 1 XRl IOSUP CLOBBERS 
STX 3 XR3 EVERYTHING 
CALL  IOSUP BEGIN D/A OUTPUT 
DC SDAO 8 
DC 12 * 
DC DAECB 9 
LDX tl *--t RESTORE EVERYTHING 
LDX L3 8-* 8 
B DASET GO RESET DABUF POINTER 
X R l  EQU 8- 1 
XR3 EQU *- 1 
* 
8 T H I S  PATH I S  USED FOR ALL PASSES AFTER 
8 THE FTRST ONE, 
CKDAO MDM DAECB T O  
B AAAGH 
CALL WAIT 
DC DAECB 
STX 1 2  DAECB 
DASET LDD L DBUFP 
STO B U F A l  
STO BUFA2 
S TO BUFA3 
STO BUFA4 
XCH 
STD DBUFP 
LDD L AQ 
HAS TABLE-END OCCURRED? 
YES9 WE BLEW I T  
NO, WAIT ON I T  
ZERO THE ECB 
RESET DABUF POINTER 
* 
* * 
8 * 
t 
8 
RESTORE A-Q 
49 
LDX L2  - D A S I Z  RESET DABUF POINTER 
B I DWAIT RETURN TO SUPERVISORY LOOP 
HDNG ERROR HANDLING 
t t & t 9 9 t t ~ f * 4 : t t t t ~ t t $ * * t 9 t * * * t 9 * * ~ t t t 9 * * ~ 9 t ~ * 9 9 9 9 t ~ *  
* ERRORS AND OTHER STRANGE THINGS * 
+ t ~ * f 9 t ~ t 9 ~ 9 t * t 9 t t t t 9 9 t t t ~ ~ 9 ~ t t ~ ~ 9 * 9 ~ t t 9 9 t 9 t 9 t 9 t t 9 *  
AAAGH C A L L  CWRIT OVERRUN 
DC MSG3 t 
B ENSYN GO AWAY 
DC MSG7 t 
6 ENSYN GO AWAY 
DC MSG4 9 
L D  L MINUS SET ' F I R S T '  N E G A T I V E  
STO L F I R S T  TO SHOW 'EOFt  
ENSYN C A L L  CWRIT END OF SYNTHESIS  
DC MSG5 t 
CALL IOSUP B L A S T  DAO 
DC BDAO 9 
DC l 2  t 
DC DAECB 4: 
DC I N P U T  8 
DC RECW * 
C A L L  M A I T  9 
DC RECW 9 
4:**** PERMITTED RESPONSES ***** * GO = GO ON 9 
t Q U I T  = GO AWAY t 
9 T A P E  = START A G A I N  t 
~ ~ 9 ~ t 9 t t ~ * t t ~ ~ ~ ~ + t ~ * 9 ~ t ~ * t * 9 9 9 t  
CKERR C A L L  CWRIT  1/0 ERROR 
EOFXT C A L L  CWRIT END OF F I L E  
LOOK CALL REPLY LOOK FOR OPERATOR RESPONSE 
MOM 
B 
C A L L  
DC 
DC 
B 
CHECK L D  
CI CMP 
5 
B 
GOON LD L 
BN 
8 t 
B 
B 
DC 
B L 
B 
B 
DC 
c2 CMP 
TAPE C A L L  
c3  CMP 
Q U I T  CALL 
I N P U T T O  
CHECK 
DUMP 
P f S Y N  
16383 
Q U I T  
I NPWT+1 
CGO 
c2 
CZ 
F I R S T  
FPEST 
STSYN 
CTAPE 
c3 
c3 
TPCLS 
TCT 
LABEL 
C Q U I T  
c 4  
c4  
TPCLS 
TC T 
IS THERE A MESSAGE? 
YESp LOOK AT I T  
NO1 GO AWAY MAD 
LOOK AT MESSAGE 
IS I T  'GO'? 
NOT 
NO t 
AT FPESTp I F  EOF 
AT STSYN9 OTHERWISE 
I S  I T  'TAPE '?  
NOT 
NO9 
YES9 CLOSE TAPE 
LOOK FOR NEW L A B E L  
IS I? * Q U I T C ?  
NO, 
NO9 
YESpGO AWAY 
RESUME SYNTHESIS,,* 
t 
50 
B I PTSYN GO BACK TO AMOS 
CALL  CWRIT HUH? 
DC MSG6 * 
B LOOK TRY AGAIN 
HDNG POINTERSICONSTANTS AND EQUATES 
c4 EQU * WE DONT UNDERSTAND 
f EQUATES 
D A S I Z  EQU 2000 D/A BUFFER S I Z E  
PESTL EQU 5 0  LENGTH OF PEST * POINTERS AND SAVE AREAS 
A Q  BSS E 2 AQ SAVE AREA 
C N T R l  BSS E 1 COUNT 1 
CNTR2 BSS 1 COUNT 2 
PESTP BSS E 2 CURRENT PEST POINTER 
DBUFP BSS E 2 CURRENT DABUF POINTERS 
C C L V l  BSS 1 
CCLV2 BSS 1 
DAECB BSS 1 
F I R S T  BSS 1 F I R S T  PASS POINTER * CONSOLE INPUT AREA 
RECW BSS E 1 FORCE ODD BOUNDARY 
I N P U T  BSS 21  FOR INPUT BUFFER * CONSTANTS 
ZERO DC 0 ZERO DEFLp CH 1 
FULL DC / 3 F F 8  FULL SCALE DEFLI CH I 
BSS E 0 FORCE EVEN BOUNDARY 
PEST1 DC P E S T l  I N I T I A L  PEST POINTERS 
D B U F I  DC B U F l + D A S I Z  I N I T I A L  DAfSUF POINTERS 
SDAO DC OABUF IOCC TO START DAO 
BDAO DC 0 I O C C  TO STOP DAO 
S I X  DC 6 
CCLV DC 2 5 5  
MINUS DC -1 
DRATE DC 1024 20 K S / S  
CGO EBC *GO- 
CQUIT  EBC ,QUIT* 
CTAPE EBC ,TAPE* 
DC PEST2 * 
DC BUF2+DASIZ * 
DC /65CO 
DC /6420 
HDNG TABLES AND STUFF 
DC *-I CHAINING POINTER 
DC /?E DEVICE ADDRESS 
DC *-1 
DC / 8 0 0 0 + D A S I Z + l  
DC /?E 
DC DABUF-1 
* D I G I T A L  OUTPUT BUFFERS 
DABUF DC / 8 0 0 0 + D A S I Z + l  SCAN COMTRUL+BUFR S I Z E  
B U F l  BSS D A S I Z  BUFFER 
BUFZ BSS D A S I Z  
* PULSE EVENT S P E C I F I C A T I O N  TABLES 
P E S T 1  DC PESTL 
BSS PESTL 
PEST2 DC PESTL 
51 
BSS PESTL 
TCT BSS E 3 TAPE CONTROL TABLE 
8 MESSAGES 
MSGl DC 13 
MSG2 DC 12 
M S G 3  DC 7 
M S G 4  DC 11 
MSG5 DC 16  
MSG6 DC 4 
MSG7 DC 9 
MSG8 DC 6 
EBC -PROGRAM PTSYN- 
EBC *TAPE LABEL=?* 
EBC a OVERRUN, 
EBC *END OF FILE ,  
EBC WEND OF SYNTHESIS- 
EBC -HUH?, 
EBC o I / O  ERROR, 
EBC ,READY,, 
END PTSYN 
/ /  EXEC AMOSpMINUTES=609REGION=445K9116K) 
/ / F T l O F 0 0 1  DD UNfT=23149DSN=&GSYSUTloSPACE=(80t (25910) 1 9  
/ /  .DCB=ILRECL=80pBLKSI Z f = 8 O  pRECFM=F t 
/ / F T 2 5 F 0 0 1  DD UNIT=TAPE9LABEL=(+BLP)sVOb=SER=O25858  
/ / F T 2 6 F 0 0 1  DD UNIT=TAPE,LABEL=(pBbP)pVOL=SER=NOLBt  
/ /AMOSIN DD * ' 
3$EXC 9 %  /* 
/ / F T 0 6 F 0 0 1  DD SYSOUT=A 
52 
/ * I O  PS=23359 DEPT=EE~NAME=ATWOOD~CCIOE=DIF€QU~360=1~  r L I N E S = 6 0 0 0 ?  
I * '  IOREQ=lOOO,MSGLEVEL=( 1 9 1 )  
/*SETUP U N I T = T A P E T I D = ( O ~ ~ ~ ~ ~ T N O R I N G ~ N L )  
/ /  EXEC FORTLDGO9TIMEoGO=4 
//FORT,SYSIN DD * 
C PROGRAM PPL 
INTEGER*2 X Y ( 2 0 4 8 )  
ASSIGN 101 TO EOF 
INTEGER E V E N T ~ C O M P ~ S T O P ~ E O F ~ X X I D U R o , D I F F ( 2 0 f  
10 READ ( 5 9 8 9 9 E N D = 9 0 )  INSET 
8 9  F O R M A T ( I 2 )  
I f  ( INSETeEQeO)  GO T O  10 
CALL T P O P I Z ( 1 N S E T )  
EVENT= l  
I FLAG=O 
4 READ ( 5 7 9 1 )  NF ILEStCOMPtSTOP 
91 FORMAT(2X9316)  
I F  ( N F I L E S e L E e O )  GO TO 3 
N F I L E = l  
1 L E V E L = l  
NUM=1 
I O U T = l  
NGLOT=O 
.NPLS=O 
INTER=O 
WRITE ( 6 ~ 7 7 )  EVENTtCOMPySTOP 
WRITE (6978)  
77 FORMATI ' lEVENT ' 1 3 9 ' 9  COMP= ' 1 6 9 ' 9  S T O P = ' I 4 )  
78 FORMAT(' P PER P T I M E  C N T 6 2 0 X ~ ' P U L S E  P O S I T I O N S *  
1933x4 *PULSE INTERVALS'  ) 
2 CALL TPGETZ( INSET9XY)  
C A L L  TPCHKZCINSET9NB9EDF) 
DO 444 I T = 1 9 2 0 4 8  
ICFL AG=O 
I N T E R = I  NTER+ l  
XX=XY t I T )  
I F  (XX*LTaCOMP) GO TO 443 
I F  ( L E V E L - E Q - 1 )  GO TO 4.44 
LEVEL=?. 
c EXAMINE INTERVAL 
NUM=NUM+l 
D I F F ( I O U T ) = I N T E R  
NPLS=NPLS+IMTER 
NGL.OT=NGLOT+INTER 
DUR ( I OUT 1 =NGLOT 
I F  ( I N T E R o L T e S T O P )  GO TO 60 
I F  ( IOUT.GTe10) GO TO 63 
WRITE (6966) N G ~ O T P N P L S ~ N U M ~ ( D U R ( M ) ~ O I ~ F ( M ) ~ M = ~ ~ I ~ U T )  
GO TO 64 
6 3  WR I T E  ( 6r65 1 
(DI F F (  MI T M = ~ T  10 1 
NGbOT tRlPLSpNUM t 4 DUR (M ) 9 M = 1  F 10 f 9 
1 
WRITE (6p67) F D U R ( M ) t D T F F ( M ) r M = I 1 1 I o U T )  
GO TO 64 
I OUT=I OUT+ l  
GO TO 69 
60 I f  ( I O U T e G E e 2 0 )  GO TO 62 
53 
62 WRITE ( 6 ~ 6 5  f NGLOTo NPLS 9 NUM, DUR ( M  > r M = l  9 10 1 ,  
1 ( D I F F ( M )  o M = l  p 10 1 
WRITE ( 6 9  68 1 ( D U R  ( M I  r M = l l 9 2 0 )  p ( D I F F  (MI 9 M = l l p 2 0 )  
6 4  NGLOT=O 
IOUT=1 
69 CONTINUE 
C END OF EXAMINATION 
I NTER=O 
GO TO 444 
443 LEWEL=O 
444 CONTINUE 
GO TO 2 
C END OF F I L E  E X I T  
101 I F  ( I F L A G - E Q e l )  GO TO 3 
I FLAG=2 
EVENT =EV ENT + 1 
NF ILE=MF f LE+ 1 
GO TO 1 
I F  (NF ILES-EQ-NFILE)  GO TO 4 
C TWO END OF F I L E S  I N  A ROW 
3 CALL TPCLSZ ( INSET 1 
GO TO 10 
C END OF F I L E  OM SYSIN 
-90  STOP 
66 FORMAT ( I X p  I 57 169 I 5  p 3 x 9  I 5  p T 7 4 1  f 5r T 2 6  9 I 5  t T 7 9 r  I 5  r T 3  1 T I 5  9 T 8 4 9  
l r 5 r T 3 6 r I 5  9T899 I 5  r T 4 1  P I  5pT949 I S ~ T ~ ~ Y I ~ T T ~ ~ T  I f i r T S l r  r 5 r T I O 4 9  
2 1  57 T56p 1 5 9  T104p 15  p T619 I 5 r T l 3 . 4 9  f 5pT669 I59T11gp 3 5 
1 ~ ~ ~ T 3 6 p ~ ~ ~ T 8 9 r I ~ ~ ~ 4 l p ~ ~ ~ T ~ ~ ~ ~ ~ ~ ~ ~ 6 ~ ~ ~ ~ T ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
2 1  5 ~ T 5 6 ~  I5 r T l 0 9  915 p T 6 1 9 I  5 pT1149 I 5 9 T 6 6  9 I 5  ~ T , 1 1 9  I 1 5  
67 FORMAT-[ 1 9 X  I ' *' 15 pT749 I 5  9T26 7 159T79 9 I5 r T 3 1  I I 5  t T 8 4 9  
6 8  
65 F O R M A T C ~ X T I ~ ~ ~ ~ ~ T ~ ~ ~ X T I O I ~ ~ ~ X ~ ~ O I ~ T X O I )  
FURMATf 19%~ '# '  10159 3x7 10x5 I 
END /* 
//GO,FT25F001 DD UNIT=TAPEpLABEL=(~NL)oVOL=~rRETAIN9SER=O25858) 
//GD,SYSIN OD * 
25 
20 -5000 42 
20 -5000 110 
2 0  -5000 5 1  
20 -5000 66 
20  -5000 a9 
5 4  
/ * I D  P S ~ 2 3 3 5 ~ D E P T ~ f E ~ N A M E ~ A T W O O D ~ C O D E ~ D T F E ~ U ~ 3 6 O ~ 2 ~ ~ l I N E S ~ l O O O O ~  /* I O R E Q = 2 0 0 0 ~ M S G L E V E L = ~ l ~ l ~  
/*SETUP UNIT=TAPE,ID=(025858 ~NORINGINL) 
/ /  EXEC FORTLDGO?TIMEaGO=5 
//F.ORTeSYSTN DD * 
C PROGRAM PPLV 
C ALL L O G I C  I S  REVERSED DUE TO SIGN REVERSAL BY MULTIPLEXOR 
C ON 1 8 0 0  
C THE BEGINNING OF A GLOTTAL FRAMf IS DEFINED B Y  THE F I R S T  
C TRANSITION TXROUGH COMPG? WITH NEGATIVE SLOPE? WHICH 
C CORRESPONDS TO THE LEADING EDGE OF THE FRAME. 
INTEGER*2 X Y ( 2 0 4 8 )  
INTEGER EVENT~STOPIEOFIXXIDUR(~O) vDIFF(20) rCOMPR 
INTEGER COMPG,GLOTP?RECP,R~PTCK~~CKZ 
ASSIGN 1 0 1  TO EOF 
R=5 
P=8 
C 
C ***** GET DATASET NUMBER AND OPEN TAPE ***** 
10 READ ? R T ~ ~ , E N D = ~ O )  INSET 
89 FORMAT(I2)  
I F  (TNSET.EQ.0) GO TO 10 
CALL TPOPIZCINSET) 
.EVENT= 1 
I FLAG=O 
C 
c **e** GET GROUP PARAMETERS ***** 
4 READ ( R 9 9 1 1 N F I  LEST STOP 9 GLOTP 9 R EC PT M I  NLGT M I  N l R  
9 1  FORMAT(ZXpbI6)  
IF ( N F I L E S I  6 9 3 ~ 5  
C NEGATIVE N F I L E S  WTLL S K I P  NFILES EVENTS 
6 NFILESz-NFILES 
EVENT=EVENT+l 
I F L A G = l  
GO T O  4 
5 N F I L E = l  
DO 7 I = l p N F I L E S  
7 C A L L  TPFSFZ(1NSET) 
C 
CK1=(5*STOP)/2 
C 
C ***** PROCESS O N E  F I L E  
C I N r T I A L I Z A T I O N  
1 LEVEL= l  
I D U T = l  
LEVELG=l  
NGLOT=O 
NPLS=O 
I NTER=O 
INTERG=O 
CK2=0 
LASTP=-5000 
COMPR=(RECP*LASTP)/lOO 
I F  (COMPR,GT,MINLRI COMPR=MINLR 
COMPG=(GLOTP*LASTP)/lOO 
I F  (COMPGaGTeMINLG) COMPGzMINLG 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
55 
LASTP=O 
PAGE HEADERS 
WRITE ( P 9 7 6 )  EVENTrSTOP,GLOTP,RECP 
WRITE ( P 9 7 8 )  
76  FORMAT(s1EVENT ' 1 3 9 ' 9  STOP= ' 1 4 ~ ' r  GLOTP='13, '? RECP='131 
78 FORMAT(' PT IME COMPG P PER'19Xv'PUCSE POSIT IONS '  
I ~ ~ ~ X P * P U L S E  I N T R V A L S ' )  
443 
444 
C 
C 
C 
C 
ww** PROCESS ONE RECORD 
CALL TPGETZ( INSET9XY)  
CALL TPCHKZ( I N S E T ~ N B I E D F )  
DO 445 I T = l r 2 0 4 8  
I FLAG=O 
XX=XY ( I T  1 
KEEP TRACK O F  M A X  VALUE 
CK2=CK2+1 
RESET COMPR AND COMPG IF NECESSARY 
COMPR=tRECP:gLASTP ) / l o 0  
I F  [COMPR,GT,MINLR) COMPR=MINLR 
COMPG=(GLOTP*LASTP)/lOO 
I F  (COMPGeGTVMINLG) COMPG=MINLG 
CONTINUE 
IF (XX.LT-LASTP1 LASTPzXX 
I F  fCKZVLTmCK1) GO TO 8 
***** TEST FOR A RECOGNITION INTERVAL ***e* 
I MT ER= I NT ER+1 
IF (XXeGT+aCOMPRI GO TO 443 
I F  ( L E V E L o E Q o l )  GO TO 444 
L E V E L = l  
EXAMINE INTERVAL 
D l f F (  I O U T ) = I N T E R  
NPLS=NPLS+INTER 
NGLOT=NGLOT+ I N T E R  
DUR I I OUT 1 =NGLOT 
I OU T = I OUT+ 1 
END O F  EXAMINATION 
INTER=O 
GO TO 444 
L E V E L = O  
CONTINUE 
***** TEST FOR A GLOTTAL INTERVAL ***** 
I NTERG= I NT ERG+1 
I F  (LEVELG,EQel)  GO TO 424 
I F  [XXoGTmCOMPG) GO TO 4 2 3  
I F  (ZNTERGeLTeSTOP) GO TO 4 2 5  
WE NEED TO PRINT 
I O U T = I O U T - l  
I F  f I O U T e L E e I 1  GO TO 425 
I F  ( I O U T e G T e 1 0 )  GO TO 53  
WRITE ( P 9 6 6 )  N P L S ~ C O M P G , N G L O T 9 ( D U R ( M ) , D I F F ( M ] r M = l r I O U T )  
GO TO 64 
56 
63  WRITE (P965) NPLSICOMPGTNGLOTI(DUR(M)~M=~T~O)T 
1 (DIFF(M),M=lplO) 
64 
42 5 
42 3 
424 
C 
C 
C 
WRITE (P967) (DUR(M) 9DIFFtM) rM=ll,IOUT) 
NGLOT=O 
IOUT=l 
COMPR= (RECPaLASTP )/IO0 
COMPG=(GLOTP*LASTP)/lOO 
LASTP=O 
CK2=O 
INTERG=O 
GO TO 424 
LEVELG=O 
CONTINUE 
IF ICOMPReGTeMINLR) COMPRzMINLR 
IF (COMPGeGTeMINLG) COMPG=MTNLG 
CHECK IF WE WENT BY 20  PULSES 
Y E S 9  SO PRINT THEM 
WRITE (P9591 NPLSt COMPG, (DUR(M)TM=~T~O 1,  
IF [IOUTeLE,20) GO TO 60 
1 (DIFFIM)vM=lvlO) 
WRITE ( P p 6 8 1  I D U R ( M ) , M = l l r 2 O ) r ( D I F F ( M l t M = 1 1 + 2 0 )  
C 
IOUT=I 
COMPR=(RECP*bASTP)/lOO 
IF (COMPR,GT,MINLRI COMPR=MINLR 
COMPG=CGLOTP*LASTP)/lOO 
IF (COMPG,GT,MINLG) COMPG-MINLG 
LASTP=O 
CK2=0 
60 CONTINUE 
C 
C END OF ONE-RECORD LOOP 
445 CONTINUE 
GO TO 2 
C 
C END OF FILE EXIT 
101 IF (IFLAGwEQel) GO TO 3 
IFLAG=1 
C PRINT THE LAST FEW PULSES 
IF (IOUTeEQel) GO T O  103 
I OUT= f OUT- L 
IF (IOUT,GT,lO) GO TO 104 
WRITE 
GO TO 103 
( P9 661 NPLS9COMPG ~COMPRT (DUR ( M  1,DIFF ( M  1 t M = l ~  IOUT 1 
104 WRITE (P965) N P L S ~ C O M P G T C O M P R ~ ( D U R ( M ) ~ M = ~ , ~ ~ ) ,  
1 IDIFF(M)pM=P910) 
WRITE (P9 671 (OUR (M) 7 DTFF( M I  .lUl=llt IOUT 1 
103 EVENT=EVENT+l 
IF fNFILES,EQ.NFILE) GO TO 4 
NF ILE=NF ILE+1 
GO TO 1 
C 
C TWO END OF FILES IN A ROW 
3 CALL TPCLSZ( INSET) 
GO TO 10 
57 
C 
C END OF F I L E  ON SYSIM 
C 
c 
90 STOP 
66  F O R M A T ~ 1 X ~ I 5 p I 6 ~ I 6 ~ 2 ~ ~ I 5 ~ T 7 4 ~ ~ 5 ~ ~ 2 6 ~ I 5 ~ ~ 7 9 ~ I 5 ~ T 3 ~ ~ I 5 ~ T % 4 ~  
1 1 5 9 T 3 6 9  I5 7T89 9 15 9 T 4 1 7 1 5 9 T 9 4 9 1 5 9 7 4 6 9 I 5 9 T 9 9 7  I5 9 T 5 1  t I5  9T1049  
2 I 5 ~ T 5 6 ~ I 5 ~ T 1 0 9 ~ I 5 ~ T 6 l ~ I 5 ~ T l l 4 ~ I 5 ~ T 6 6 ~ I ~ ~ T l l 9 ~ I 5 ~  
1 I 5 ~ T 3 6 ~ I 5 ~ T 8 9 9 I 5 ~ T 4 l r T 5 9 f 9 4 ~ ~ 5 ~ T 4 6 9 I 5 r T 9 9 ~ I 5 9 T 5 1 ~ ~ 5 9 T 1 O 4 ~  
2 I 5 ~ T 5 6 ~ I 5 ~ T 1 0 9 ~ I 5 ~ T 6 l ~ I 5 ~ T l l 4 ~ I ~ ~ T 6 6 ~ I ~ ~ T ~ ~ 9 ~ I ~ ~  
6 7  F O R M A T ( 1 9 X 9  1 5 9 T 7 4 9 1 5 9 7 2 6 9 1 5 9 f 7 9 r T 5 p T 3 1 r I 5 r T 8 4 ~  
68 F 0 R M A T ~ 1 9 X ~ ' # ' 1 0 1 5 ~ 3 X ~ 1 0 1 5 ~  
6 5  FORMAT(  1x9 1st 169 I692X 71075 93X 91015 1 
69  F O R M A T 4 l X ~ I 5 p I 6 ~ 6 X ~ 2 ~ ~ l O I 5 ~ 3 X ~ l O I 5 ~  
7 5  F O R M A T ( l X 9 8 1 7 )  
C 
/* 
/ / G O , F T 2 5 F 0 0 1  DD UNIT=TAPEpLABEL=(yNL) rVOL=( rRETAINISER=Q25858)  
//GO*SYSIN OD * 
25 
END 
' 20 42  70 2 0  -3000 -3000 
20 89 7 0  20 -3000 -3000 
2 0  110 70 20 -3000 -3000 
20 51 70 20 -3000 -3000 
20 66 70 20 -3000 -3000 
5 8  
/ * I D  
I* I O R E Q ~ ~ ~ ~ ~ ~ M S G L E V E ~ ~ ~ ~ ~ ~ ~ T L I N E C T ~ ~ ~  
/*SETUP UNIT=TAPErID=(025858,NORINGtNL)  
/ /  EXEC FORTLDGOvTIMEoGO=5 
PSz2335r  DEPT=EEtCODE=DI FEQU? NAME=ATWOODv360=5* r i  INES=lOOOO~ 
//FORT,SYSIN OD * 
C OPEN THE TAPE INPUT DATASET 
C CALL THE PULSE POSIT ION CHART SUBROUTINE 
C CLOSE THE TAPE INPUT DATASET 
CALL T P O P I Z ( 2 5 )  
CALL P P C ( 5 ~ 6 9 1 8 )  
CALL TPCLSZ(251 
STOP 
END 
SUBROUTINE PPC ( R pP 9 S ) 
C ALL L O G I C  I S  REVERSED DUE TO S IGN REVERSAL BY MULTIPLEXOR 
C ON -1800 
C THE BEGINNING OF A GLOTTAL FRAME I S  DEFINED BY THE F I R S T  
C TRANSITION THROUGH COMPG? WITH NEGATIVE SLOPE9 WHICH 
C CORRESPONDS TO THE LEADING EDGE OF THE FRAME, 
INTEGER*2 X Y (  2 0 4 8 )  
NP=30 
INTEGER E V E N T I S T O P T E O F I X X ~ D U R ( ~ O ) ~ C O M P R  
C NP AND THE DIMENSION OF DUR MUST BE THE SAME 
C FORMAT STATMENT 63 I S  A L S O  AfFECTED BY THE S I Z E  O F  NP 
. INTEGER COMPG9 GLOTPp RECPpRt P 9 S 9  VOI CP 
C 
C 
c 
C 
C 
C 
C 
C 
C 
10 
89 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
4 
9 1  
C 
INTEGER C K ~ T C K ~ P C K N P  
ASSIGN 101 TO EOF 
R I S  THE READ DATASET 
P IS THE PRINT DATASET 
S I S  THE STORAGE DATASET 
I T  I S  ASSUMED THAT THE F I L E S  POINTED TO BY THE VARIABLE 
' INSET '  ARE OPEN AND AT LOAD POINT 
THEY WILL BE LEFT I N  THAT CONDITION 
**e** GET DATASET NUMBER AND OPEN TAPE ***** 
READ f R ~ 8 9 v E N D = 9 0 )  INSET 
INSET IS THE INPUT DATASET NUMBER 
FORMAT( I2)  
EVENT=l 
IFLAG=O 
I F  ( INSETeEQeO) GO TO 10 
***** GET GROUP PARAMETERS ***** 
READ ( R p 9 1  NFILESpSTOP 9GLOTP 9RECP VMINLGTMINLR TVOICP 
NFILES I S  THE NUMBER OF F I L E S  TO BE PROCESSED 
NFILES=O STOPS PROCESSING ON THIS  INSET 
STOP IS THE STOP NUMBER 
GLOTP I S  THE PERCENTAGE OF CURRENT PEAK VALUE USED 
FOR P ITCH EXTRACTION 
RECP I S  THE PERCENTAGE FOR RECOGNITION 
MTNLG I S  THE MINIMUM THRESHOLD LEVEL FOR PITCH EXTRACTION 
MINLR I S  THE MINIMUM THRESHOLD LEVEL FOR RECOGNITION 
VOICP I S  THE VOICING CRITERION I N  PERCENT 
FORMAT(2Xp716) 
I F  bNFILES)  6 9 3 9 5  
NEGATIVE NFILES WILL S K I P  NFILES EVENTS 
59 
6 MFILES=-NFILES 
EVENT=EVENT+l 
I F L A G = l  , 
GO TO 4 
5 N F I L E = 1  
DO 7 I = ~ T N F I L E S  
7 C A L L  TPFSFZCINSET) 
C 
C A U X I L L I A R Y  STOP NUMBER 
C 
C ***** PROCESS ONE F I L E  
C 
CK1=( 5*STOP) / 2  
I N I  T I  A L  I ZAT I ON 
1 L E V E L = l  
I O U T = l  
LEVELG= 1 
L P E R = l  
NGLOT=O 
INTER=O 
I NTERG=O 
CK2=0 
CKNP=O 
LASTP=-5000 
C RECOGNITION THRESHOLD 
COMPR-(RECP*LASTP)I lOO 
I F  (COMPR,GT.MINLR) COMPR=MINLR 
COMPG=(GLUTP*LASTP)/IOO 
I F  (COMPG.GT.MINLG) CORPG=MINLG 
LASTP=O 
C P I T C H  EXTRACTION THRESHOLD 
C PAGE HEADER 
WRTTE ( P 276) EVENT ,STOP 9GLOTP ,RECP TVOICP 
7 6  FORMAT('1EVENT ' 1 3 ~ ' ~  STOP= ' 1 4 ~ ~ 9  G L ~ T P = ' I ~ T ' T  R E C P = ' I I ~ T  
* a l p  V O I C P = ~ I 3 )  
C 
C e**** PROCESS ONE RECORD ***** 
2 CALL T P G E T Z ( I N S E T T X Y )  
C A L L  T P C H K Z ( I N S E T ~ N B T E O F )  
DO 445 T T = 1 9 2 0 4 8  
I FLAG=O 8 
XX=XY( I T )  
IF(XX,LT,LASTP) LASTP=XX 
CKZ=CK2+1 
c KEEP TRACK OF MAX VALUE 
c RESET CfjMPR AND COMPG I F  NECESSARY 
I F  ( C K 2 o b T e C K I )  GO TO 8 
COMPR=(RECP*LASTP)/lOO 
COMPG= (GLOTP*LASTP 1 /lo0 
I F  (COMPG,GT.MINLGI COMPG=MINLG 
IF (COMPReGTeMINLR) COMPR=MINLR 
8 CONTINUE 
C 
C ***** TEST FOR A RECOGNITION INTERVAL ***** 
INTER=INTER+I  
I F  (XXeGTsCOMPR) GO TO 443 
I F  (LEVEL-EQ.1) GO TO 444 
60 
C 
C 
C 
C 
44 3 
444 
C 
C 
C 
C 
C. 
6 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
2 7  
L E V E L = l  
EXAMINE INTERVAL 
NGLOT=NGLOT+T NTER 
DUR ( IOUT)=NGLOT 
I O U T = I O U T + l  
END O F  EXAMINATION 
INTER-rO 
GO TO 444 
LEVEL=O 
CONTINUE 
***** TEST FOR A GLOTTAL INTERVAL ***** 
I NTERG= INTERG+l  
I F  (XXeGTeCOMPG) GO TO 423 
I F  ( L E V E L G e E Q o l )  GO TO 424 
I F  ( I N T E R G e L T e S T O P )  GO TO 425 
WE NEED TO PRINT 
I OUT=I OUT-1 
I F  ( I O U T - L E I 1 1  GO TO 4 2 5  
***** P I T C H  PERIOD CORRECTION ***** 
STATEMENT 2 1  I S  THE F A I L  EXTT 
WAS THE LAST P R I N T  L I N E  NP PULSES? 
NEW PERIOD 
NPER=DUR(IOUT) 
CHECK FOR V O I C I N G  
I S  NPER W I T H I N  VOICP PERCENT OF LPER? 
YES? S O  WE PROBABLY HAVE VOICING 
CHECK THAT THERE ARE AT LEAST TWO PULSES 
NEXT LOWER PULSE 
MP EREOUR ( I OUT- 1 1 
CHECK FOR S K I P P I N G  
I S  NEXT LOWER PULSE CLOSER? I% 
I F  CIABS(MPER-LPER)eGTeTABS(NPER-LPER)I GO TO 2 1  
CHECK THAT THERE ARE AT LEAST THREE PULSES 
SECOND LOWER PULSE 
JPER=DUR IOUT-2 1 
CHECK I F  JPER I S  CLOSER TO LPER THAN MPER I S  
I F  (CKNPoEQ.1) GO TO 30 
I F  ( IABS(NPER-LPER) eGTe( ( L P E R + V O I C P ) / 1 0 0 1 ~  GO TO 22 
I F  (IOUT.LE.1) GO TO 2 1  
I F  ( I O U T e L E * 2 )  GO TO 29 
I F  I A B S (  JPER-LPER) eGT.IABS(MPER-LPERS 1 GO T O  29 
DOUBLE S K I P P I N G  HAS OCCURRED 
MOVE TWO EXTRA PULSES TO THE NEXT P I T C H  PERIOD 
I OUT=I OUT-2 
AND STORE THE REST 
RESET THINGS 
LPER=JPER 
NGL OTzNPER-J PER 
DUR ( 2 1 =NGLOT 
WRITE ( S p 63 1 IOUT 9 (DUR ( I 1 p I=]. t IOUT ) 
61 
DUR ? 1 l=MPER-JPER 
I OUT=3 
GO TO 64  
C 
C 
C 
C 
30 
C 
C 
C 
C 
C 
29 
C 
C 
c .  
22 
C 
C 
C 
2 3  
C 
C 
24 
C 
C 
C 
25 
C 
C 
C 
26 
C 
PREVIOUS L I N E  WAS NP PULSES9SO WE CANNOT ATTEMPT ANY 
CORRECTION BASED ON V O I C I N G  
TURN OFF THE FLAG 
CKNP=O 
N P E R = l  
GO T O  2 1  
S I N G L E  S K I P P I N G  HAS OCCURRED 
SO MOVE THE EXTRA PIJLSE TO THE NEXT P I T C H  P E R I O D  
I OUT= I OUT-1. 
AND STORE THE REST 
WRITE ISt63) I O U T P ( D U R ( I ) r I = l , I O U T )  
RESET T H I N G S  
LPER=MPER 
NGL OTzNPER-MPER 
DUR 4 1 1  =NGLOT 
I O U T = 2  
GO T O  64 
CHECK FOR DOUBLE P I T C H  P E R I O D  
HAVE TO HAVE AT LEAST 2 PULSES 
I S  NEW P I T C H  PERIOD W I T H I N  VOICP PERCENT OF TWICE LPER? 
IF { IAB$ [NPER-2*LPER)  ,GTo( ( 2 * L P E R * V O I C P ) / 1 0 0 )  GO TO 2 1  
YES9 PROBABLY HAVE A DOUBLE P I T C H  PERIOD 
F I N D  THE F I R S T  PULSE GREATER THAN LPER 
DO 23 I = l Y I O U T  
I C L O S E = I  
C ONT I N UE 
GO TO 2 1  
I F  I P O U T Q L T ~ Z )  GO TO 21 
IF (DUR( I1 ,GTeLPER)  GO TO 24 
F I N O  WHICH PULSE I S  CLOSER TO LPER 
I F  t I C L O S E , t E , l )  GO TO 25 
IF ( I A B S ( D U R ( I C L O S E ) - L P E R ) , G T , I A B S ( D U R f I C L ~ S ~ ~ ) - L P E R ) ~  
EICLOSE=ICLOSE-1  
CHECK THAT THE CLOSEST PULSE I S  NOT THE L A S T  ONE 
I S  THE LENGTH OF THE F I R S T  P I T C H  P E R I O D  WITHIN V O I C P  
PERCENT OF LPER? 
I D U R = D U R ( I C L O S E )  
D E F I N I T E L Y  HAVE A DOUBLE P I T C H  P E R I O D  
S-fORE THE F I R S T  P I T C H  PERIOD 
WRITE d S9 63 1 ICLOSEp DUR ( I 1 9 I = l 7  I C L O S E  1 
IUUT=IOUT- ICLOSE 
MOVE THE SECOND P I T C H  P E R 1 0 0  I N T O  PLACE 
DO 26  I = l v I O U T  
I I = I C L O S E + I  
OUR( I )=DUR( I1 )--IDUR 
LPER=IDUR 
BACK TO THE TOP 
I F  (ICLOSE,EQ,IOUT) GO TO 2 1  
f F  ( I A B S ~ l D U R - L P E R ) o G T , ( ( L P E R ~ V O I C P ) / l O O ) )  GO TO 2 1  
62 
GO TO 27 
C 
C WRITE OUT P I T C H  PERIOD 
2 1  WRITE (59631 I O U T ~ C D U R ( I ) ~ I = l 9 I O U T )  
63 F O R M A T ~ 3 X ~ I 2 p 1 5 1 5 / 5 X p r 5 I 5 )  
L P ER =N P E R 
NGLOT=O 
I OUT=1 
64 CONTINUE 
C RECOMPUTE THRESHOLDS 
COMPR= ( RECPaLASTP ) / l o 0  
COMPG=(GLOTP*LASTPl/lOO 
LASTP-0 
CK2=0 
425 INTERG=O 
GO TO 424 
423 LEVELGzO 
424 CONTINUE 
I F  (CDMPReGTeMINLR) COMPRzMINCR 
I f  (COMPGeGTeMINLG) COMPGzMINLG 
C 
C CHECK I F  WE WENT BY NP PULSES 
I F  (IOUTeLEmNP) GO TO 60  
C YES9 SO PRINT THEM 
. IOUT=NP 
WRITE ?Sv631 IOUTpDUR 
C 
NGL OT =O 
IOUT-1  
COMPR=(RECP*LASTPI/lOO 
COMPG- GBOTP*LASTP 1 / l o0  
I F  (COMPG,GT,MINLG) COMPG=MINLG 
LASTP=O 
CK2=0 
CKNP=1 
LPER= l  
60 CONTINUE 
C RECOMPUTE THRESHOLDS 
IF ( COMPReGT ,MINER) COMPR=MINLR 
C 
C f N D  OF ONE-RECORD LOOP 
445 CONTINUE 
GO TO 2 
C 
C END OF F I L E  E X I T  
101  I F  ( I F L A G e E Q e l )  GO TO 3 
IFLAG=1 
ENDFILE S 
REWIND S 
C PRINT THE PULSE POSITION CHART FOR T H I S  EVENT 
CALL PRPPC ( P p  SI 
REWIND S 
103 EVENT=EVENTi-1 
MFILE=NFILE+ I  
GO TO 1 
I F  ~ N F I b E S e E Q e N F I L E I  GO TO 4 
6 3  
C 
C TWO END OF F I L E S  I N  A ROW 
3 CALL TPREWZ( INSET)  
GO T O  10 
C 
C END O F  F I L E  ON SYSIN 
C 
90 RETURN 
END 
SUBROUTINE PRPPC(Q9S) 
DATA A S T E R P S L A S H / ' * * ~ ' / ~ /  
INTEGER DUR(30fyQ,S 
REAL L I N E ( 1 3 l ) r C L E A R ( 1 3 1 I  
DATA CLEAR/9*' * , ' l ' 9 9 * 9  * 9 ' l e , 9 * '  ' , ' / * , 9 * *  ' v l I b ~  
2 9** a , s ) a , q * a  s , s l * 9 9 t s  S T * ( 8 9 9 * a  * , * ( t , 9 * '  : T * 1 * 9  
3 9%' *,t)a,9*'  ' 9 * l s 9 9 * '  g , t ) B T 9 * a  * t * ( ' 9 '  ' /  
C PAGE HEADER 
WRITE ( Q 9 7 8 )  ( T y I = 2 0 9 2 6 0 ~ 2 0 )  
7 8  FORMAT(' O 8 1 3 I 1 O )  
8 READ CS999€ND=7) IOUTc fDUR(1  ) r I = l r I O U T )  
9 F O R M A T C 3 X o I 2 ~ 1 5 1 5 / 5 X ~ 1 5 1 5 ~  
C CLEAR L I N E  
DO 1 I=19131 
1 L I N E f f ) = C b E A R ( I )  
C PUT ASTERISKS ON L I N E  
DO 3 I = l p I O U T  
K = D U R ( I ) / 2  
I F  (K,LE,OI GO TO 11 
I F  (KeGTe130)  GO TO 5 
3 LINE(K)=ASTER 
4 FORMAT(' 1 8 1 3 1 A 1 f  
6 WRITE ( Q 9 4 )  L I N E  
GO TO 8 
C TOO FAR OVER 
GO TO 6 
5 L I N E ( 1 3 1 ) = S L A S X  
C 
C INCORRECT K 
11 WRITE (Q912)  K 
1 2  FORMAT(@ K=O 110) 
C 
7 RETURN 
END /* 
//GOoFT18F001 DD U N I T = ~ ~ € ~ T D S N = & & S Y S U T ~ P S P A C E = ( ~ O O T ~ ~ ~ ~ ~ ~ ) ) ~  
/ /  DCB=(LRECL=80,BLKSIZE=800 tRECFM=FB) 
//GO.FT25F001 DD U N I T = T A P E ~ L A B E t = ( 9 N L f r V O L - S E R = O 2 5 8 5 8  
//GOeSYSIN DD * 
25 
20 42 70 20 -3000 -3000 20 
2 0  8 9  70 20 -3000 -3000 20 
2 0  110 70 20 -3000 -3000 2 0  
2 0  5 1  70 20 -3000 -3000 20 
20 66 70 20 -3000 -3000 20 
64 
SUBROUTINE P I T G  ( D ,OUTSET ,FACTOR 1 
C P I T G  GENERATES PULSE INTERVAL TABLES ACCORDING TO 
C INFORMATION I N  DATASET D 
C D I S  THE READ DATASET FOR CONTROL CAROS 
INTEGER 
DATA DUR ( 1) 9 I P  I T / O i  1/ 
INTEGER*2 P I T ( 5 0 1  
D,OUTSET+DUR( 3 1  1 r P I T 4 (  100 1 
C 
C *e**** GET CONTROL CARD ****** 
4 READ ( 0 7  917 E N D = 7 I  Ny TOUT? ( DUR ( J + f  ) y J=lv IOUT I 
91  FORMAT(I3t12,1515/5X~l515) 
C ****** GENERATE PULSE INTERVAL TABLE ****** 
DO 8 1  N l = l r N  
DO 8 1  J = l r I O U T  
INTER=(DUR1J+l)-DUR(J~)*FACTOR 
C I F  N I S  BLANK (1wE.v ZERO) THIS  LOOP I S  DONE ONCE 
42 I F  ( INTEReGTe254)  GO TO 41 
IF ( INTER-LTw11 I N T E R Z I  
P I T 4 f  I P I T ) = I N T E R  
I F  ( I P I T . L T e 1 0 0 )  GO TO 8 1  
DO 82 M = l p 5 0  
K=2*M 
82 P I T ( M 1 = 2 5 6 + P I T 4 1 K - l ) + P I T 4 ( K )  
CALL TPPUTZ(OUTSETTPIT ,~OO~ 
. C A L L  TPWTEZ(OUTSET1 
I P I T = O  
8 1  I P I T = I P I T + l  
GO TO 4 
c 
C INTERVAL LONGER THAN 254 COUNTS 
41 P n 4 C  I P I T ) = 2 5 5  
DO 4 5  M = l r 5 0  
I F  (TPfTeLT.100)  GO TO 44 
I = 2 * M  
45 PfT(M)=256*PIT41I--I)+PIT4(IT 
CALL TPPUTZ[OUTSETrPITr lOO)  
CALL TPWTEZ[OUTSET) 
I P I T = O  
44 I P I T = I P I T + I  
INTER-INTER-254 
GO TO 42 
C 
C END OF F I L E  ON DATASET D 
7 DO 61 J=1940 
P I T 4 ( I P I T ) = 2 5 5  
I F  ~ I P I T ~ t T ~ 1 0 0 1  GU TQ 61 
DO 62 M = l r 5 0  
I = 2 * M  
62 PIT(M)=256*PIT4(1--l)+PIT4(1) 
C A L L  T P P U T Z ( O U T S E T t P I T ~ l O 0 )  
C A L L  TPWTEZtOUTSET) 
I P I T = O  
61 I P I T = I P I T + l  
C NOW RETURN T O  CALLING PROGRAM 
RETURN 
c T H I S  ENTRY POINT I S  USED TO WRITE THE LAST TAPE RECORD, 
65 
C AND REWIND THE OUTPUT TAPE 
ENTRY P I T E  
P I T 4 ( I P I T ) = O  
DO 83 M=1750 
I =2*M 
CALL T P P U T Z l O U T S E T t P I T r l O O )  
8 3  PIT(M1=256*PIT4~I-1)+PIT4(11 
CALL TPWTEZ(OUTSET1 
CALL TPEOF Z ( O U T S E T )  
CALL TPEOFZIOUTSET)  
CALL TPREWZ(OUTSET1 
I P I T = l  
RETURN 
END 
66 
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' 1 ,  A B S T R A C T  
A new technique for the analysis, synthesis, and transmission of human 
speech is described which is based on the computation of time intervals 
between threshold transitions of the derivative in the speech waveform,. 
The position taken here is that the sequence in which significant speec 
events occur, and their temporal relationships to each other, are for 
the description of speech as important as its frequency-domain proper2- 
ties, i.e., the dynamic properties and the sustained properties of the 
speech waveform each are considered to contribute to our understanding 
of human speech. 
The described method of coding speech, in which only the intervals be- 
tween transitions are recorded, is shown to have advantages in certain 
areas of speech analysis, synthesis, and transmission, over other metho 
which rely essentially on phenomena in the frequency domain; 
In particular, it is shown that this coding method provides a basis for 
transmitting speech with high intellidibility at low transmission rates 
permits the measurement of many properties of the speech waveform which 
are difficult or impossible to evaluate using conventional techniques, 
and allows synthesis, by rule, of many speech sounds. 
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